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I. Lipenite, A. Karklins Augsnes kvalitate I. Problemas nostadne un augsnes organiska viela

Augsnes kvalitate zemes izmantoSanas mainas konteksta
I. Problémas nostadne un augsnes organiska viela

Soil Quality within the Context of Land Use Changes
I. Introductory Notes and Soil Organic Matter

Inara Lipenite, Aldis Karklin$
LLU Augsnes un augu zinatnu instittts
Institute of Soil and Plant Sciences, LLU
e-mail: Inara.Lipenite@llu.lv

Abstract. Land use changes related to the intensification of agricultural production, and Thematic Strategy
for soil protection, adopted by the Commission of the European Communities, raising awareness about the
sustainable use of soil and other natural recourses have stimulated research and discussions about soil quality.
Soil quality becomes an issue which should be commonly clarified not only in the sense of terminology,
understanding, and conception, but also practically — how to assess, measure and interpret it. The literature
review gives an overview about recent findings and ideas in the sphere of the formulation of soil quality
concept, about possible indicators used to assess the soil quality status and possible changes due to the shift
of land use and land management, as well as about future visions. Soil organic carbon is one of the most
fundamental parameters influencing a number of other soil properties. Therefore extensive research is done
regarding the role of organic carbon and its different fractions within the context of soil quality. Radical changes
in land use, e.g. from arable land to forestry, may induce long-lasting effects of accumulation of organic carbon
in aboveground and underground biomass and in soil, forming the compounds in soil with different mobility
etc. Taking into consideration that soil has different functions, that soil quality is an integral parameter and its
formation as well as influence on other properties is complex, that variability of natural and anthropogenic
factors is considerable, it is not possible to develop one simple and universal scheme for assessment and

monitoring of the status and changes in soil quality in general, as well as soil organic carbon in particular.

Key words: soil quality indicators, soil organic carbon, land use change.

Ievads

Augsne ir biitisks ekosistemu komponents, kas
regulé vielu apriti, akumulaciju, emisijas, un tai
ir netieSa ietekme uz atmosféras un hidrosféras
stavokli, tapéc augsné notickoSo procesu pétfjumi
ir neatpemama sastavdala vides stavokla un taja
notiekoSo procesu izmainu prognozeSanai. Eiropas
Savieniba 2006. gada 22. septembrl apstiprinaja
Augsnes aizsardzibas tematisko stratégiju un Eiropas
Komisijas direktivas projektu augsnes aizsardzibas
joma (COM, 2006). Dokumenta tiek uzsverts, ka
augsnes degradacija ir nopietna probléma visa
Eiropa, un pétijumi liecina, ka degradacijas tempi
pieaug. Augsni biitiba var uzskatit par neatjaunojamu
resursu, vismaz ar cilveka mizu salidzinama
laika posma. Jebkur§ bojajums augsnei negativi
ietekm€ arT citus apkartgjas vides komponentus un
ckosistémas. Augsnes degradacijai ir tieSa ietekme
uz Gdens un gaisa kvalitati, biologisko daudzveidibu
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un klimata parmainam. Tiek uzsverts, ka tas de] var
pasliktinaties Eiropas iedzivotaju veseliba un var tikt
apdraud@ts partikas un dzivnieku baribas nekaitigums.
Pasreiz€ja posma, pateicoties lauksaimniecibas
intensifikacijai un partikas razoSanas subsidijam,
Eiropa veidojas zinama partikas parprodukcija, tapéc
noteikts daudzums lauksaimnieciba noderigas zemes
(LIZ) tiek izmantots (vai tiek planots izmantot)
citam vajadzibam (meZsaimniecibai, atjaunojamo
energétisko resursu raZzoSanai) vai vienkarSi tiek
iznemts no razo$anas un atstats atmata. Apzinoties to,
ka pasaulé partikas nodrosindjuma joma iesp&jamas
krasas izmainas, ka arT nemot vera to, ka produktiva
zeme pilda cilvéku eksistencei vitalas ekologiskas
funkcijas, nav pielaujama augsnes kvalitates
progres€josa pasliktinaSanas — pat tajas platibas,
kuras paslaik ir arpus lauksaimnieciskas darbibas.
Tapéc ar1 zinatnieki daudzas valstis sak pieverst
TpaSu uzmanibu augsnes stavoklim un tas Tpasibu
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izmainam (De La Rosa, 2005; Eckelmann, Baritz et
al., 2006; Kibblewhite, Ritz, Swift, 2008; Haygarth,
Ritz, 2009).

Paslaik Eiropas Savieniba (ES) notiek diskusijas
un debates par vienotas Augsnu aizsardzibas direktivas
piepems$anu. Ja tas vainagosies panakumiem, tad
zemes lietotajiem visas ES dalibvalstis bis jartipgjas
par to, lai definétie augsnes kvalitates indikatori zemes
lietoSanas rezultata nenoslidétu zem kritiskajam
robezvertibam. L1dz ar to svarigs jautajums ir defingt
sadus augsnes kvalitati raksturojosus indikatorus,
noteikt to robezvértibas, ka ari izstradat metodes
to noteikSanai. Indikatoru sisttmai ES dalibvalstis
jabiit vienotai, jo pretgja gadijuma nebiis iesp&jama
iegiito datu salidzinasana, tacu konkrétu indikatoru
izvéle un robezvertibas var atSkirties, jo janem
véra dabas apstaklu specifika. Aktuals jautajums
ir arl zemes lietoSanas veidu radikala maina un to
iespgjama ietekme uz augsnes kvalitati ilgtermina.
Publikacijas (1. un 2. dala) mérkis ir dot parskatu par
augsnes kvalitates izpratni misdienu skatfjuma, tas
ieteiktajiem verteéSanas indikatoriem, kuri ir svarigi,
izv€loties kvalitates monitoringa stratégiju, ka arT par
praktiskas realizacijas metodém.

Augsnes kvalitate, tas vertéSanas
metodes

Augsnes kvalitati un ekologisko stabilitati
raksturo tas Ipasibas. Atbilstosi definicijai augsnes
kvalitate, ko nosaka ES Augsnes aizsardzibas
tematiska stratégija, ir augsnes sp&ju kopums realizet
savas funkcijas un reag€t uz argjam ietekmém, lai
nodro§inatu ekosistémas un cilvéku vajadzibas. Lidz
ar to augsnes kvalitates jédziens ietver kompleksu
informaciju par plasu augsnes 1pasibu un apstaklu
spektru, kas nodrosina augsnes ekologisko un ar
cilveku darbibu saistito funkciju norisi. Augsnes
pamatipasibas ir salidzinosi stabilas, tas form&jusas
augsnes veidoSanas procesos ilgstosa laika perioda
klimata, reljefa, cilmieza, floras un faunas ietekmée
un tiek raksturotas ar granulometrisko sastavu, jonu
apmainas kapacitati, cilmieza atraSanas dzilumu,
drenazu. Cilvéka saimnieciska darbiba tas ietekmé
nedaudz vai pat nemaz. Tacu ir vesela virkne augsnes
Tpasibu, kuras visai batiski var izmainities pavisam
1sa laika (dazos gados vai pat méneSos). Pie Sm
dinamiskajam IpaSibam pieder augsnes organisko
vielu saturs, augsnes struktira, tilpummasa, Gidens
infiltracijas sp&ja, udensietilpiba, reakcija, augu
baribas elementu resursi u.c. nozimigas augsnes
auglibu noteicosas Tpasibas'. Dinamisko Tpasibu

izmainas galvenokart nosaka cilvéka saimnieciska
darbiba, t.i., zemes izmantoSanas veids, augsnes
apstrades tehnologijas un audzgetie kulttiraugi, lai gan
izmainas ir atkarigas arT no augsnes pamatipasibam.
Ta, piem&ram,
izmainas atkarigas no augsnes apstrades intensitates
un no ta, kadi augi tiek audze&ti, bet kopgjais
organisko vielu uzkrajums bus atkarigs arT no
augsnes granulometriska sastava un klimatiskajiem
apstakliem. Dazas augsnes T1pasibas, pieméram,
tilpummasa, ir salidzino$i stabilas tas dzilakos slanos,
bet paklautas izmainam augsnes virskarta. Tas nozimge,
ka augsnes izmantoSana var gan optimiz&t augsné
notiekoSos procesus, gan ari biitiski pasliktinat tas
kvalitati. Jedziens augsnes kvalitate neaprobezojas
tikai ar augsnes Tpasibam un to piem&rotibu noteiktu
augsnes funkciju realizé$anai, bet ir saistits arf ar vides
apstakliem un augsnes ilgtsp&jigas izmantoSanas
perspektivu (Miller, Wali, 1995; Karlen, Mausbach
et al., 1997; Karlen, Anrews, Doran, 2001; Carter,
2002; Doran, 2002; COM, 2006; Toth, Stolbovoy,
Montanarella, 2007).

Augsnes kvalitates izmainu noteikSana un
noveérté$ana ir sarezgits process. Dazadas ekosisteémas
un zemes lietoSanas veidos augsne pilda vairak
vai mazak atSkirigas funkcijas, tapéc ar kvalitates
prasibas var ievérojami atskirties. Ta, piem&ram, lai
augsne varétu uzturét ilgtspgjigu lauksaimniecisko
razoSanu, tai jaspgj:

— nodrosinat fizikalo, kimisko un biologisko
apstaklu kopumu dzivajiem organismiem,;

— regulét idens rezimu, ka arT augu baribas un citu
elementu apriti;

— uzturét biologisko aktivitati un daudzveidibu
augu augSanai un dzivnieku produktivitatei;

augsnes organisko vielu satura

— filtrét, buferét, noardit, imobilizét kaitigas
organiskas un neorganiskas vielas, mazinat to
toksiskumu;

— nodroSinat  mehanisku  balstu  dzivajiem

organismiem (Nortcliff, 2002).

Augsnes kvalitates noteikSana un kvalitates
izmainu KkonstatéSana ir saistita ar apjomigas
informacijas vajadzibu péc loti daudzveidigam
augsnes pazim&m un ipasibam, kas nodrosina funkciju
realiz€Sanu. Tapat jabiit zinamam un pieejamam
skaidri definétam pielaujamam robezvertibam, kadas
katra no STm Tpasibam var svarstities, neietekmgjot
augsnes sp&ju veikt attiecigu funkciju vai savstarpé&ji
saistitu  funkciju grupu. Zinot augsnes 1pasibu
daudzveidibu, svarigi izveleties konkréta mérka
sasniegSanai bitiskakos un atbilstosakos augsnes
parametrus. Ka rada daudzie pétijumi (Mausbach,

! http://soilquality.org/basics/inherent_dynamic.html — Resurss aprakstits 2011. gada 14. maija.
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1. tabula / Table 1

Ieteicamie indikatori augsnes kvalitates izvértéSanai

Possible list of soil quality indicators

(Mausbach, Seybold, 1998)

Indikatori / Indicators

Saistiba ar augsnes apstakliem un funkcijam /
Relationship with soil conditions and functions

Fizikalie / Physical

Granulometriskais sastavs /
Soil texture

Udens un iz8kiduSo vielu noturéana un parvietosana /
Retention and movement of water and soluble compounds

Augsnes virskartas un saknu
zonas dzilums / Depth of soil
surface and rooting

Augsnes produktivitates potencials un erozija /
Soil productivity potential and erosion

Infiltracija un tilpummasa /
Infiltration capacity and bulk
density

Produktivitate, izskalo$anas un erozijas iesp&jamiba /
Productivity, leaching, and potential for erosion

Udensietilpiba /
Water capacity

Udens noturé$ana un kustiba, erozija. Augu tidens nodro$inatiba /
Water holding capacity and movement, erosion. Plant available water

Kimiskie / Chemical

Augsnes organiskas vielas /
Soil organic matter

Augsnes augliba, stabilitate, erod€jamiba /
Soil fertility, stability, erodibility

Reakcija /
Reaction

Augsnes biologiskas un kimiskas aktivitates robezas /
Limits for biological and chemical processes in soil

Ekstrahgjamie N, P, K /
Extractable N, P, K

Augiem pieejamie baribas elementi un N iesp&jamie zudumi /
Plant available nutrients and leaching potential of N

Biologiskie / Biological

Mikroorganismu biomasas C:N

attieciba / C:N in microbial

Mikroorganismu katalitiskais potencials — primarais raditajs, kas
bridina par iedarbibu uz OV un tas izmainam / Catalytic potential of
microorganisms — awareness for possible changes in organic matter

biomass

content and quality

Potenciali mineraliz&jamais N /
Potentially mineralisable N

Augsnes produktivitate, nodrosinajums ar slapekli /
Soil productivity, nitrogen supply

Augsnes gaisa, iidens un
temperatiiras apstakli / Soil air,
water and temperature regime

Mikrobiologiska aktivitate / Microbiological activity

Seybold, 1998; Arshad, Martin, 2002; Carter, 2002;
Nortcliff, 2002; Palojarvi, Nuutinen, 2002; Loveland,
Webb, 2003), vienotas augsnes kvalitates indikatoru
sistémas izstradi apgritina nepietickams izzinas
ITmenis Sajos jautajumos, ka arT mérku dazadiba, kuru
risinasanai indikatorus paredzg&ts izmantot, jo augsnes
»labuma” pasliktinasanas var notikt gan tapcc, ka
ta tieck neatbilstosi izmantota, paklauta erozijai,
sablivéSanai, reakcijas izmainam, gan tapéc, ka ir
ktmiski piesarnota vai arT pati ir idenu un atmosferas
piesarnojuma avots. Dazadu autoru ieteikto augsnes
kvalitates indikatoruskaitsirliels. Tap&cirm&ginajumi
tos grupét kada logiska kartiba, pieméram, pakartojot
tos augsnes fizikalajam, kimiskajam un biologiskajam
Tpasibam, kuras, daba savstarp&ji mijiedarbojoties,
nodrosina labveligu mitruma un gaisa reZimu augiem
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un augsnes mikroorganismu darbibai, ka arT sekmé
galveno augu baribas elementu biologisko apriti,
rezultata nosakot augsnes sp&ju pretoties degradgjoso
faktoru ietekmei.

Fizikalie indikatori — augsnes TpaSibas, kas
saistitas ar cietas fazes dalinu un poru izkartojumu
un proporcijam augsné: granulometriskais sastavs,
tilpummasa, porainiba, agregatu izturiba un stabilitate,
augsnes garozas veido$anas, sablivetiba.

Kimiskie indikatori — 1pasibas, kas var atskirties
dazadu augsnes funkciju veikSanai, tacu galvenie ir
augsnes organisko vielu saturs, augsnes buferspgja,
katjonu (anjonu) apmainas kapacitate, reakcija, augu
baribas vielu saturs, toksisku vielu koncentracija.

Biologiskie indikatori — raditaji, kas loti
jutigi reagé uz citiem procesiem augsné un parada
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augsnes apstaklu izmainas, — mikro-, mezo- un

makroorganismu  populacijas,  mikrobiologiska

aktivitate, augsnes organisko vielu kvalitate, to
sastava atsevisku komponentu attiecibas.

Indikatoru grup&jumu var veikt, balstoties arT uz
citiem principiem. Viens no tadiem vargtu bt spgja
tos konstatét morfologiski. Tadgjadi varétu nodalit
ta saucamas redzamas pazimes vai saskatamos
indikatorus — argjas pazimes, kas liecina par augsnes
kvalitates pasliktinasanos: augsnes virsg€jo slanu
noskaloSanas, virstidenu uzkrasanas un virszemes
notece, augu augsanas traucgjumi. Diemz¢l atseviskos
gadijumos So indikatoru konstatacija var biit novélota
un degradacijas procesi var biit jau neatgriezeniski.

Par loti nozimigu augsnes kvalitates indikatoru
uzskata tas organisko vielu, kas tiek raksturota
ka wuniversala augsnes kvalitates pazime, Tpasi
lauksaimniecibas zemém, ka arl tiek uzsvérta
atsevisku tas frakciju loma kvalitates izmainu
konstatgsana (skat. turpmak).

Viens no iespgjamiem variantiem augsnes
kvalitates indikatoru kopumam un to kopsakariba
ar augsnes apstakliem un augsnes funkcijam
paraditi 1. tabula.

Kibblewhite, Ritz un Swift (2008), pienemot
augsni ka dzivu un dinamisku sisteému, ierosina
noteikt augsnes kvalitati un tas ,veselibu”,
veicot diagnostiskus  testus, kuri raksturotu
augsni ka:

— dzives vidi, ar raksturigiem fizikaliem un
kimiskiem apstakliem (sakartas blivums,
agregatu stabilitate, reakcija, katjonu apmainas
kapacitate u.c.);

— energijas un augu baribas vielu resursu
nodro§inataju (organiskas vielas un tas frakciju
saturs un attiecibas, NPK bilances u.c.);

— biotas daudzveidibas un atsevisku organismu
grupu darbibas vietu.

Ar1T péc So autoru slédziena augsnes kvalitates
vertgjumam jabut kompleksam, neaprobezojoties
tikai ar atseviSsku parametru vai organismu grupu
noteikSanu. Vini skaidro, ka, pieméram, nomainot
augsnes dabisko vegetaciju ar augsnes intensivu
tick ietekmétas praktiski
iepriekSmin&tas augsnes funkcijas, turklat lielakoties
negativi. Japaiet ilgstoSam periodam, Iidz tas
sasniedz jaunu dinamisku Iidzsvaru. Visuzskatamak
to demonstré organisko vielu satura samazinasanas
pirmajos gados p&c augsnes apstrades uzsakSanas.
organisko  koloidu daudzumam,
samazinas augsnes vielu saistiSanas spgja, palielinas
izskaloSanas un arT vides piesarnosanas risks. Ja
augsné netick papildinati augu baribas elementu

izmantoSanu, visas

Samazinoties

resursi, bet notiek to pastiprinata iznese, augsnes spéja
producét biomasu samazinds. Izmainoties augsnes
fizikalajam un kTmiskajam 1pasibam, to sak apdzivot
atSkirigas mikroorganismu grupas, kas izmaina
mikrobiologisko procesu virzienu un intensitati — Iidz
ar to ar augsnes noderigumu (piemérotibu) specifisku
funkciju realizésanai.

Nortcliff (2002) augsnes kvalitates indikatoru
izvele iesaka nemt véra: 1) zemes lietoSanas veidu;
2) savstarp&jas sakaribas starp augsnes funkcijam un
indikatoriem; 3) augsnes neviendabibu telpa un laika;
4) indikatora noteikSanas mérfjjumu vienkarsibu un
droSumu; 5) mérjjumu jitibu attieciba uz izmainam,
kadas notiek augsnes izmantoSana un apstradge;
6) savietojamibu ar augsnes pé&tfjumu metodém
dazadas monitoringa programmas; 7) jau apgutas
indikatora lietoSanas prasmes un iesp&ju interpretét
informaciju.

Mausbach un Seybold (1998) rekomendg atseviski
vertet: 1) augsnes, kuras atrodas dabiskos apstaklos
un ir paklautas dabiskai augsnes veidosanas faktoru
un procesu ietekmei; 2) augsnes, kas paklautas
cilvéku saimnieciskai darbibai; un 3) parveidotas
(butiski ietekmétas) augsnes (pieméram, augsne
pec mitruma rezima noreguléSanas). Autori iesaka
kvalitates vertibas  lauksaimnieciba
izmantojamam augsném noteikt tadas robezas, kas
lautu saglabat So augsnu ilgtsp&jigu izmantosanu, pie
tam paredzot gan konkurStspgjigu razu ieguves un
ienémumu nodro§inasanu, gan ari prasibam atbilstosu
augsnes, Udenu un gaisa, ka arT sarazotas produkcijas
kvalitati.

Atseviski autori (Toth, Stolbovoy, Montanarella,
2007) augsnes kvalitati iesaka vertet atbilstosi
ES Augsnu aizsardzibas tematiskaja stratégija
formulétajam augsnes funkcijam, t.i., augsnes sp&ju
pildit §ts jau konkréti definétas funkcijas. Vertgjums
tiek veikts, apskatot atbilstoSas augsnes 1pasibas,
kas nodrosina noteiktu funkciju izpildi, ka arT npemot
vera citus butiskus ietekméjosos apstaklus (klimatu,
hidrologiju u.c.). Rezultata kvalitate tiek raksturota ar
kompleksu raditaju — augsnes kvalitates indeksu. Lai
to noteiktu, iesaka vertet atseviskas biitiskas augsnes
fizikalas, kimiskas un biologiskas Tipasibas, rast
savstarpgjas sakaribas starp STm Ipasibam atbilstosi
tam, kadas funkcijas paslaik pilda attieciga augsne un
kadiem mérkiem to paredzg&ts izmantot nakotng.

Lai novértétu augsnes kvalitati un konstatétu
tas izmainas, tiek izmantotas atbilstoSo indikatoru
normativas (kritiskas) veértibas. Tie ir augsnes
Tpasibu skaitliskie raditaji, funkcijas, kas apraksta
pastavosas sakaribas starp indikatoriem, vai intervali,
kuru robezas augsne ar pilnu potencialu var izpildit

indikatoru
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2. tabula / Table 2

Augsnes kvalitates indikatori un to kritiskas vértibas ilgstoS$i kultivétam augsném
Quality indicators and their critical values for soils under continuous cultivation

Indikatori / Indicators

Intervals, kura augsne var nodro$inat tas galvenas
funkcijas / Intervals where soil is able to provide its
main functions

Fizikalie / Physical
Udensizturigi agregati, % (vairak ir labak) / 30-60%
Water resistant aggregates, % (more is better) °
Porainiba (virskartas 7.5 cm slant) / 20-80%

Porosity (topsoil 7.5 cm)

Tilpummasa (zemaka labak) /
Bulk density (lower is better)

1.3-10°-2.1-10° kg m*?

Saknu izplatibas dzilums (liclaks ir labak) /

Rooting depth (deeper is better) 60-250 cm
Kimiskie / Chemical

Augiem pieejamais fosfors P/ Plant available P 7.5-150 mg kg™!

Nitratu slapeklis / Nitrate nitrogen 3-50 mg kg

Apmainas kalijs K / Exchangeable K 45-525 mg kg!

Augsnes pH (virskartas 25 cm) / 5582

Soil reaction pH (topsoil 25 cm)

Biologiskie / Biological

Mikroorganismu biomasa (vairak ir labak) /
Microbial biomass (more is better)

75-700 mg C kg

Kopgjais slapeklis (vairak ir labak) /
Total nitrogen (more is better)

1.5-5.0 mg cm™

Kopgjais C (virskartas 7.5 cm) /
Total C (topsoil 7.5 cm)

15-50 mg cm?

tas funkcijas, kuras raksturigas attiecigam augsnes
izmantoSanas veidam vai apstakliem. Augsnes
kvalitates galveno indikatoru kritiskas vértibas,
ko piedavajis Karlen ar lidzautoriem (Karlen,
Wollenhaupt et al., 1994), paraditas 2. tabula.
Augsnes kvalitates indikatoru kritisko vértibu
noteikSana un izmantoSana nav gluzi neapgiita joma,
tacu slépj sevi arT loti daudz nezinama. Vislielaka
praktiska pieredze uzkrata, vertgjot LIZ auglibas
parametrus. Latvija, tapat ka citas pasaules valstTs,
ir izstradati augsnes auglibas optimalie parametri,
noteikti galveno augu baribas elementu un organiskas
vielas nodrosinajuma Iimeni augsné un veikts augsnu
grup&jums peéc apmainas skabuma u.c. raditajiem
(Timbare, Reinfelde, 2002). Tacu Sie augsnes 1pasibu
raditaji nesniedz pietickamu informaciju pat par
augsnes spéju pildit tas galveno funkciju, t.i., pilna
méra nodroSinat ilgtspgjigu lauksaimnieciskas
produkcijas razoSanu. Mérktiecigai augsnes kvalitates
izmainu noveérteSanai katra konkréta gadijuma
nepiecieSams zinat: 1) augsnes izmantoSanas
meérki; 2) kadas augsnes funkcijas tiks pakartotas
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$im mérkim; 3) kadi procesi nodroSina vajadzigas
funkcijas; 4) kuras augsnes Tpasibas apraksta Sos
procesus un kadas ir Tpasibu kritiskas vertibas; 5) vai
ir nepiecieSamiba izveleties papildu indikatorus, ja
kada no ipasibam pati par sevi nav izvert€jama; 6) vai
ir piem&rotas metodes izvéleto Tpasibu noteikSanai,
metodiskais pamats un tehniskas iespgjas augsnes
paraugu iegiiSanai, uzglabaSanai, izp&tei un datu
interpretacijai. Tapéc pédeja desmitgade veiktie
petijumi  galvenokart veltiti augsnes kvalitati
raksturojoso raditaju savstarp&jas mijiedarbibas
noteikS$anai, model&jot augsné notickosos procesus un
prognozgjot iesp&jamas izmainas ilgaka laika perioda.
Lai pétifjumos iegiita informacija bitu starptautiski
salidzinama, péetjumos lietojamas starptautiski
standartiz€tas augsnes paraugu nopemsanas un
sagatavoSanas metodes, ka arT kvalitates indikatoru
vertibu noteikSanas analitiskas metodes. Tiek
rekomend@ts augsnes kvalitates veértéSanu saistit ar
pastavosajam augSnu klasifikacijas un kartéSanas
sisttmam, augsnes IpaSibu monitoringa datiem,
esoSajam augsnes datu bazé€m u.c. informacijas
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avotiem (Carter, 2002; Bieganowski, Skierucha,
Walczak, 2004; De La Rosa, 2005; Toth, Stolbovoy,
Montanarella, 2007; Pangos, Van Liedekerke, 2008).

Augsnes organisko vielu saturs un sastavs
ka augsnes kvalitates izmainu indikators

Organiskas vielas (OV) augsné ir viens no
galvenajiem tas kvalitates un produktivitates
raditajiem.  Daudzveidigie organiskd  oglekla
savienojumi nodroSina svarigakas augsnes funkcijas
un augsnes ilgtsp&ju un palidz uzturét vides kvalitati.
Sauszemes ekosistémas lielaka dala akumuléta
organiska oglekla atrodas tieSi augsnés — ganibas un
daudzgadigajos kultiiraugos vairak neka 95%, bet
aramzemés I1dz pat 100% no to kop&ja daudzuma
sada veida ekosistéma (Robert, Nortcliff et al., 2004;
Stolbovoy, Montanarella, 2008).

Organiska oglekla uzkrajums augsné veidojas
no ieneses ar augu, dzivnieku un mikroorganismu
atlieckam un ir atkarigs no ta, cik strauji noris
dazado organisko un organomineralo savienojumu
mineralizacija. Neskatoties uz salidzinosi lielo
organiskas masas ienesi, humusa krajumu picaugums
augsné salidzino$i nedaudz, un to
nodroS§ina pasivas organisko savienojumu frakcijas
(dala organomineralo kompleksu, kokogle u.c.),
kas praktiski nepaklaujas noardiSanas procesiem.
Ta, apstradajot lielu informacijas apjomu par
holocéna augsném, noskaidrots (Schlesinger, 1990),
ka daudzu tiukstoSu gadu laika organiska oglekla
satura pieaugums tajas visuma ir bijis léns. Tas
svarstas no 0.2 g m? C gada polaros apgabalos 1idz
vairak neka 10 g m? C gada meza ekosistemas, bet
vidgji pa visam ekosisttmam veido apméram 2.4
g m? organiska oglekla gada. Ka atzZimé pétijuma
autors, viskrasakas izmainas augsnes organiskas
vielas bilancg notiek, izjaucot pastavoSos vides
apstaklus. Par to liecina virkne petijumu Eiropas
valstts (Dersch, Boehm, 1997; Sleutel, De Neve,
Hofman, 2003; Janssens, Freibauer et al., 2004), kur,
gan veicot noverojumus, gan ari model&jot situaciju,
ir pieradijies, ka klimatisko apstaklu un arT zemes
lietoSanas veida izmainu rezultata organiska oglekla
saturs aramzemé vairaku pedgjo desmit gadu laika
vidgji gada ir samazinajies, pieméram, Belgija par
76 g m?, bet Austrija par 24 g m? (vidgji ES —
par 70 g m? C gada). Saméra ievérojami organisko
vielu zudumi atziméti péc kiidraug$nu nosusinasanas
(047 g m? C gada), ka ari sakara ar kidras ieguvi
un izmantoSanu lauksaimnieciba un energijas
ieguvei (vidgji 0-36 g m? C gada). Organiska
oglekla uzkrasanas augsnés notiek meza un zalaju
ckosistémas. Ta, mezi Eiropa gada no atmosféras

1zmainas

piesaista vidgji 124 g m? C, no kuriem 70%
akumul&jas koku biomasa, bet 30% — zemsedz€ un
augsné, savukart zalajos organiska oglekla uzkrajums
augsné vidgji sasniedz 60 g m™.

Organiska oglekla izvietojums augsnes profila
ir nevienmeérigs. Pe&tijumi globala méroga ir
paradijusi, ka no kopgja augsnes profila esosa
organiska oglekla daudzuma apméram puse atrodas
augsnes virskartas 30 cm bieza slani, bet otra puse —
30-100 cm slant (Batjes, 1996). Tacu krajumu
sadalijjums starp virskartu un dzilakiem slaniem
ir atkarigs no vegetacijas tipa, zemes lietoSanas
veida un daudziem citiem faktoriem. Nozimiga
loma ir augu saknu izplatibai augsné, klimatam un
mala saturam augsné. Ta, pieméram, meza augsné
0-20 cm slani atrodas apméram 50%, zalajos — ap
42%, bet krimajos — 33% organiska oglekla no ta
kop€ja daudzuma augsnes 0—100 c¢cm slani. Organiska
oglekla vertikalo izvietojumu meza augsn€s un
zalajos apraksta nepartraukta eksponentfunkcija,
bet aramzemé uz aramkartas robezas notiek krasa
organisko vielu satura maina (Jobbagy, Jackson,
2000; Hiederer, 2009).

Lai varétu izsekot un prognozget augsnes organisko
vielu sastava un satura atSkiribas dazados zemes
izmantoSanas veidos, ka arl iesp&jamas izmainas,
notiekot lietoSanas veidu nomainai, jaizzina dazadu
organisko savienojumu un to frakciju uzkrasanas un
parveidosanas likumsakaribas.

Jédziens ,,augsnes organiska viela” ietver sevi loti
daudzveidigu un dinamisku organisko savienojumu
klastu, kurus p&c to pazimém pienemts iedalit vairakas
grupas. Lai gan absoliti liclako dalu no augsnes
organiskas vielas veido specifiskas humusvielas, liela
nozime ir ari citam sastavdalam. Stevenson (1994),
balstoties uz to, kada meéra dazadas sastavdalas
paklaujas mikroorganismu iedarbibai, augsnes
organiskas vielas iedala aktivaja un stabilaja.
Aktiva augsnes organisko vielu dala sastav no augu
atlickam, ta saucamas gaiS$as frakcijas, augsnes
mikroorganismu biomasas un ar mineralvielam
nesaistitam nehumificétam vielam, kas salidzinosi
viegli paklaujas mineralizacijai. Savukart stabilo
dalu veido pasivais humuss, kas ne tikai kalpo par
augu baribas vielu rezervi, bet arT biitiski ietekme
daudzas augsnes 1pasibas.

Atmirusas augu atlickas, kas atrodas augsnes
virspus€, Stevenson (1994) sauc par makroorganisko
vielu. Tai ir liela ietekme augu baribas elementu aprite
meza un zalaugu ekosisteémas. P&c tam kad augsnes
makrofauna §Ts atliekas sajauc ar mineralo dalu,
augsné veidojas gaisa frakcija, kura sastav no augu
atlicku sadalisanas procesa veidojosos savienojumu
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grupam. Gaisa frakcija ir loti dinamiska, tas daudzums
svarstas sezonali, bet visvairak to ietekmé svaiga
organiska materiala iestrade augsné. So frakciju no
makroorganiskas vielas izdala, lietojot skidinatajus,
kuru blivums ir 1.6-2.0 g cm™.

Mikroorganismu  biomasu
bakterijas, sénes, alges,
mikroorganismi ne tikai veic augu
adaliSanu, nodroSinot sevi un augus ar
nepiecieSamajam baribas vielam, bet ari pasi ir
labils augu baribas elementu avots. Biomasas
ogleklis veido 1-3% no kop€ja augsnes organiska
oglekla daudzuma. Frakciju nosaka pec izdalitas
oglskabas gazes daudzuma, inkubgjot dabisku
un ar hloroformu fumiggtu Mirusie
mikroorganismi sadalas vieglak un atrak. Savukart
stabilo humusu veido humins, briinas un pelékas
huminskabes, himatomelanskabes un fulvoskabes
(Stevenson, 1994). Sis iedalfjums palidz izprast
parmainas, kas notick gan augsnes virspus€, gan
arT pasa augsné, lauj novertet augsnes organisko
vielu dinamisko dabu un orientéties, ka un cik liela
mera augsnes izmanto$ana un tas apstrade ietekmée
augu baribas elementu pieejamibu un citas izmainas
augsne.

Baldock un Nelson (2000) sniedz augsnes
organiskas vielas frakciju detalizétaku skaidrojumu,
akcentgjot ar1 to Kkimisko sastdvu un sastava
potencialas izmainas augsné noticko$ajos procesos.
Ka pirmo autori apraksta $kistoSo organiska oglekla
savienojumu grupu, kuru veido augsnes Skiduma
iz8kidusie augu saknu izdalfjumi, mineralizacijas
procesa un mikroorganismu metabolisma produkti.
Pec kimiska sastava tie ir oglhidrati, ogludenrazi,
polifenolu  grupas alifatiskas,
aromatiskas un aminoskabes, bet no humusvielam
tas parsvara ir fulvoskabes. Sis augsnes organiska
oglekla frakcijas koncentracija aramkarta
veido 5-50 mg L' C, bet B un C horizontos —
0.5-5 mg L' C. ST frakcija vairak izteikta ir skaba
vidE, un ta saistas ar Ca, Al un Fe, ka arT adsorbgjas
uz smalki dispersam virsmam.

Nakamo augsnes organisko vielu frakciju —
cietdalinu organisko oglekli (particulate/
macroorganic organic carbon) — veido augu atlieku
dalinas dazadas sadaliSanas pakapes. Tas ir augu
izcelsmes materials, kas var saturét ari sénu hifas,
sporas, ziedputeksnus, augsnes mikrofaunas skeletus
u.c., un tas kalpo par energijas avotu un baribas
vielu augsnes organismiem, ka arT par augu baribas
elementu avotu. Makroorganisko frakciju izdala
sijajot, un péc izmériem tas zemaka robeza sakrit ar
smilts frakcijas apaks€jo robezu, t.i., 0.02 mm.

veido  augsnes
nematodes wu.c. Sie
atlieku

augsni.

savienojumi,
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Péc kimiska sastava organisko vielu dalinas,
kuru izméri ir intervala no 0.25 lidz 2.5 mm, atbilst
augu materiala sastavam, bet, izméram samazinoties,
organiskaja materiala samazinas O-alkil- grupu un
palielinas alkil— un aromatisko oglekla atvasinajumu
ipatsvars, jo oglidenrazu struktiru ir noardijusi

mikroorganismi, atstdjot ligniTna un alifatiskas
struktiiras.
Vissmalkako dalu (ap 0.02 mm) veido

mikroorganismu metabolisma produkti un humificéts
materials, kas adsorbéts uz mineralu virsmam. No
makroorganiskas frakcijas gaiSo augsnes organisko
vielu frakciju izdala, nostadinot to virs bliviem
(1.6-2.0 g cm?®) Skidumiem. Gaisas frakcijas
savienojumi augsné ir vai nu briva veida, bez
redzamas sasaistes ar mineralo dalu, vai arl
cieSi ieslégti augsnes agregatos. Ta ka mineralo
augsnes dalinu blivums ir lielaks par 2 g cm?, bet
organisko — mazaks par vai vienads ar 1 g cm?,
tad pec blivuma iesp&jams spriest arT par organisko
vielu  mijiedarbibu  ar  dazadam  augsnes
granulometriska sastava frakcijam. Produkts, kas
paliek pari péc tdenT $kistoSo organisko savienojumu
un makroorganiskas frakcijas atdaliSanas, ir amorfs
organisks materials — augsnes humuss. Humusa
nozimi, sastdvu un IpaSibas vispilnigak raksturo
Tjurina (Tiopun, 1965) fundamentalo pétijumu
rezultati.

Ta ka organiskie savienojumi augsné kimiski,
fizikali kimiski un fizikali ir saistiti ar augsnes

mineralo  dalu, piem@ram, organomineralu
kompleksu  veida, struktiiragregatos u.c.,
Christensen (1992; 1996) augsnes organisko

vielu mineralizaciju un parvertibas piedava skatit
augsnes fizikalo frakciju konteksta. Atbilstosi vina
modelim organisko savienojumu ienese augsné
notiek ar virszemes biomasas atliekam un augsné
izvietoto saknu, dzivnieku un mikroorganismu
atliekam, kas visas paklautas mikrobiologiskiem
parveides Ieneses Skistosa dala
nepastarpinati nonak mikroorganismu biomasa,
kur  transformacijas  rezultata
specifiskie savienojumi saistas ar mala, puteklu
un smilts frakciju dalinam stabilu organomineralu
kompleksu veida un tajos ietilpstoSais organiskais
ogleklis veido galvenos augsnes organiskas vielas
resursus. Sada veida saistita organiska oglekla
lielaka koncentracija attiecas
dalinam, kuru izméri ir mazaki par 5 mikrometriem.
Tikai p&c tam notiek saistiSanas ar rupjaka izméera
mehaniskajiem elementiem, tacu ar smilts frakciju
saistitas organiskas vielas kompleksi uzrada lielaku
stabilitati un to aprites cikls aiznem vairakas

procesiem.

izveidojusies

uz mineralajam
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3. tabula / Table 3

Augsnes organiskas vielas (OV) frakciju un agregatos ietvertas OV aprites laiks
Turnover of soil organic matter (SOM) fractions and SOM in soil aggregates

Organiskas vielas veids /
Kind of soil organic matter

Aprites laiks (gadi) /
Turnover time (years)

Augsnes OV frakcijas / SOM fractions:

augu atlickas / plant residues 0.5-2
mikroorganismu biomasa / microbial biomass 0.1-0.4
makroorganiska viela / macroorganic matter 1-8
gaisa frakcija / light fraction 1-15
OV augsnes agregatos / SOM in soil aggregates:

bezstruktiiras augsné / apedal soils 1-7
makroagregatos / macroaggregates (>0.25 mm) 1-23
mikroagregatos / microaggregates (0.02—0.25 mm) 3-80
saistits ar puteklu un malu dalinam / 51000

fixed on silt and clay particles (<0.02 mm)

desmitgades, t.i., sadalas 1énak neka ar smalkakam
mineralajam dalinam saistitiec kompleksi.

Mikroorganismu  biomasa esoSais  ogleklis
veido salidzinos$i nelielu augsnes organiskas
vielas dalu, tacu mineralizacijas un humifikacijas
procesos kalpo par starpnieku starp organisko
atlicku ienesi, sadaliSanas produktu neskistoso dalu
un organomineralajiem kompleksiem. Organisko
oglekli saturo$o vielu parveidoSanas atrumu ietekmé
biologiski nozimigi faktori, starp kuriem svariga
vieta ir augsnes temperatiirai, mitrumam, ka arT citam
augsnes Tpasibam.

Savukart ieneses neskistosa dala veido gan to
augsnes organisko vielu frakciju, kas talak tiek
paklauta vides apstaklu izraisitam parvertibam, gan
arT humusa inerto dalu, ka arT ieklaujas augsnes
struktiiragregatu sastava. Sis ar augsnes mineralo daju
nesaistitas organiska oglekla savienojumu frakcijas
un to sastava esoSie savienojumi atSkirigd méra ir
paklauti sadaliSanas procesiem, kas galvenokart ir
saistits ar apkart€jas vides apstakliem. Ta, piemeram,
zemas temperatiiras un palielinata mitruma apstaklos
organisko savienojumu sadaliSanas noris lénak un
notiek to akumulacija. Savukart intensivi izmantotajas
dominé sadaliSanas procesi (Bremer,
Janzen, Johnston, 1994). Tomér ari $ados apstaklos
atSkirigos zemes izmantoSanas veidos iesp&jama veéra
nemama organiska oglekla daudzuma uzkraSanas.
Visuzskatamak tas noverojams daudzgadigajo zalaju
un mezu ekosistéma, jo organisko atlieku ienese Seit
ir ievérojama, kaut arT sezonali un teritoriali ta var
bt visai atSkiriga (Boone, 1994). Zemes apstrades
gaita §1 neSkistoSo organisko savienojumu dala

Zemes

tiek ietverta un saistita arT augsnes makroagregatu
sastava, tadejadi veidojot fizikali stabilu organiska
oglekla uzkrajumu, kura aprite notiek (atkariba no
izcelsmes un sastava) laika no daziem ménesiem lidz
pat vairakiem gadiem (Mann, 1986; Beare, Cabrera
et al., 1994; Post, Kwon, 2000). Augsnes organiskas
vielas dazadu frakciju parveértibu procesu ilgumu un
apriti raksturo 3. tabulas dati (Carter, 2001).

Atkariba no ta, kads organiskais materials nonak
augsné, liela mera ir atkariga augsnes organisko
vielu kvalitate un sp&ja nodrosinat dazadas augsnes
funkcijas. Organiskas vielas augsné ir augu baribas
elementu rezerve, kas jitami ietekm& augsnes
fizikalas, fizikali mehaniskas un kimiskas Tpasibas,
tas konsistenci, un ir svarigs priekSnoteikums
tdensizturigas struktiiras izveidoSana; lidz ar to
struktliragregatos ietvertai organiskai vielai ir svariga
loma Gidens un gaisa reZima reguléSana augsné un
tidens infiltracijas un caurlaidibas veicinasana (Carter,
2002).

Virszemes un augsné esoSo organisko atlieku, to
sadaliSanas un humifikacijas produktu daudzums,
parveidoSanas un parvietoSanas atrums, ka arl
dislokacija augsné galvenokart ir atkarigi no
ekosistémas tipa, kura tas veidojas un akumulgjas,
un arT no zemes lietoSanas veida. Lauksaimnieciba
intensivi izmantojamas zemes virszemes augu atliekas
un arT saknes tiek mehaniski sajauktas ar augsnes
virsgjo slani. Daudzgadigos zalajos, plavas un ganibas
virszemes atmirusT augu masa vai pecplaujas atliekas
sadalas turpat uz vietas un tikai atseviskas vietas
dzivnieku vai tehnikas iedarbibas rezultata sajaucas
ar augsni. Ar1$o augu saknu masa un saknu izdaltfjumi
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talak sadalas un nonak tie$sa kontakta ar augsnes
mineralo dau. Sada veida atskiribas lidz ar klimatisko
apstaklu Ipatnibam ietekmé mikrobiologisko procesu
aktivitati, organisko vielu saturu augsné un tas
sastavu, ka arT organisko vielu mijiedarbibu ar augsnes
mineralo dalu. Rezultata, pielietojot atSkirigus zemes
lietoSanas veidus, augsném izveidojas dazada humusa
bilance, atskirigas fizikalas Tpasibas, gaisa un mitruma
rezims, oksidéSanas—reducésanas procesu intensitate,
augu baribas elementu pieejamiba un migracija (Post,
Kwon, 2000; Swift, 2001; Baritz, De Neve et al.,
2004; Sukkel, Van Geel, de Haan, 2008).

Kad dabisko vegetaciju nomaina ar intensivu
augsnes apstradi un izmantosanu kultiiraugu
audzESanai, notiek strauja  organisko  vielu
satura samazinaSanas. To izraisa gan organiskas
masas ieneses apjoma samazinasanas, gan, Vel
batiskak — tas izmainas, jo biomasa
samazinas griiti sadalamas, neskistosas frakcijas
savienojumu Tpatsvars. Turklat intensiva augsnes
apstrade ne tikai nodrosina labveligu vidi
mineralizacijas procesu norisei, bet arl noarda
struktiiragregatus, tad¢jadi paklaujot mineralizacijai
agregatos  ieslégtos  organiskos
savienojumus. ST iemesla d&] organiska oglekla
satura augsnes
(0-20 cm) dazados pétijumos, kas veikti atSkirigos
agroklimatiskos apstaklos, 20-50 gadu laika
ir sasniegusi pat 50%, bet augsné lidz 100 cm
dzilumam — apméram 30% (Post, Kwon, 2000;
Murty, Kirschbaum et al, 2002; Shevtsova,
Romanenkov et al., 2003; Bravo-Garza, Bryan, 2005;
Celik, 2005). Ar1 Davidson un Ackerman (1993)
norada, ka, intensivi izmantojot meza vai zalaugu
agrak aiznemtas zemes, organiska oglekla zudumi
augsné turpina samazinaties vismaz 20 gadus,
lielako kritumu uzradot tiesi pirmajos 5 gados péc
zemes lietoSanas veida mainas.

Pret&ja rakstura organisko vielu izmainu dinamika
augsné norisinas tad, kad lauksaimnieciba intensivi
izmantojamas zemes tiek transformétas zalaugu
audzeSanai. Organisko vielu uzkraSanas augsné
palielinas, pateicoties virszemes augu atlieckam
un salidzinos$i lielajai saknu masai, t.i., lielakai
organisko vielu ienesei augsné, ka arT samazinatai
augsnes apstradei. Organiska oglekla uzkrasanos
augsné veicina praktiski visi agrotehniskie pasakumi,
kas uzlabo zelmena produktivitati. Noverojumi
vairak neka 100 petijjumu vietas paradijusi, ka
zalaugu ekosist€émas organiska oglekla uzkrasanas
galvenokart  nov€rojama  augsnes  virskarta
0-10 cm slant (Romkens, Van der Pflicht, Hassink,

sastava

arl  augsnes

samazinasanas virskarta
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1999; Conant, Paustian, Elliott, 2001).

Daudz pétijumu pieverSas augsnes organisko
vielu satura izmainam sakara ar augsnes apstrades
veida izmaigu. Ta, analiz&ot 17 izm&ginajumu
rezultatus, Smith ar kolégiem (Smith, Powlson
et al, 1998) konstatgjis, ka augsnes apstrades
intensitates samazinasana, parejot no konvencionalas
uz bezapstradi, palielina augsnes organiska oglekla
saturu par 0.73+0.39% gada. [zmainas ir ilgstosas, un
jaunu lidzsvaru augsnes organiskas vielas sasniedz
tikai 50 Iidz 100 gadu laika. Autori uzsver, ka $ada
augsnes apstrades maina izraisa organiska oglekla
satura pieaugumu galvenokart augsnes virskartas
8 cm bieza slant, mazak tas izteikts 8—15 cm dziluma,
bet dzilak par 15 cm izmaipas praktiski vairs
netick noverotas. Novértgjot audzSto kultiraugu
ietekmi (West, Post, 2002), secinats, ka, nomainot
konvencionalo augsnes apstradi ar minimalo,
organiska oglekla wuzkrasanas nav konstatéta
kvieSu—papuves sistema, ka art parejot no kukuriizas
monokulttiras uz kukurizas—sojas audzésanu. Lidzigi
secinajumi giiti arT citos p&tijumos (Kern, Johnson,
1993), kur akcentéts, ka tikai dal§ji samazinata
augsnes apstrades intensitate neuzrada tik butiskas
augsnes organisko vielu satura izmainas.

Konvencionala monokultiiru sistéma arT noved
pie augsnes organisko vielu degradacijas un satura
samazinasanas. Izmé&ginajumos Polija (Rychcik,
Adamiak, Wojciak, 2006), monokultira audzgjot
ziemas kvieSus, tritikali un auzas, organisko vielu
saturs augsné praktiski palika nemainigs, bet zirpu
un pupu bezmainas s€jumi 12 gadu laika organisko
vielu saturu augsné samazinaja; savukart variantos
ar rudziem, kartupeliem un cukurbietém — atskiriba
no augsekas laukiem — humusa sastava saka
dominét fulvoskabes. Ari Vacija (Susyan, Wirth,
2010) 10 gadus monokultira audzeta kukurtiza un
rudzi nav izmainijuSi augsnes organiska oglekla
saturu, tacu ir konstatSts atSkirigs organisko
savienojumu frakcionalais sadalfjums. Augsng, kur
monokultiira audzéti rudzi, konstatéts 2 reizes lielaks
makroorganiskas vielas (augu atlickas dazadas
sadaliSanas pakapes) frakcijas saturs neka kukuriizas
lauka un lidz ar to arT straujaka organiska oglekla
aprite, savukart lielaka organisko vielu akumulacija
augsnes mikroagregatu sastava noteikta, audzgjot
monokultara kukurGizu. Ari izméginajumos Polija
(Dabek-Szreniawska, Balashov, 2007) secinats,
ka monokultiras s€umos augsné dominé labilas
makroorganiskas vielas, kas viegli paklaujas
mineralizacijai, bet, salidzinot ar organisko un
konvencionalo sistému, mazak uzkrajas stabilie
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humusa komponenti, tap&c monokultiiras noplicina
augsnes organiskas vielas krajumus un samazina
augsnes auglibu.

Pedgja laika vairakas Eiropas valstls un arl
citviet pasaulé sakara ar klimata izmaindm un
parprodukciju lauksaimnieciba labi iekultivétas
lauksaimnieciba izmantojamas zemes tiek apmezotas.
Meza ckosisttma akumulé sava biomasa lielaku
daudzumu oglekla neka attiecigajas platibas audzetie
lauka kultiraugi, tadgjadi samazinot atmosferas
oglskabas gazes koncentraciju un sekmgjot globalo
vides problému mazinasanu. P&tjjumos noskaidrots
(Bouwman, Leemans, 1995; Rosenqvist, 2007,
Bolliger, Hagedorn et al., 2008), ka mezaudzes
aktivas augSanas perioda l1dz 45 gadu vecumam sava
biomasa saista divreiz vairak oglekla neka vecaks
mezs, bet kopuma meza ekosist€ma (virszemes
un saknu masa, O horizonts un mineralaugsnes
25 cm virskarta) oglekla uzkrajumu gada palielina
par 2.8 Mg ha'. Apméram tresdala no ta uzkrajas
tiesi augsné un veido ap 0.8 Mg ha' C gada.

Meza, salidzinot ar apstradajamam zemém,
kur liela dala izaudzeétas biomasas tick novakta,
palielinas organisko vielu ienese augsng,
uzkrajums veidojas galvenokart O horizonta. No
organiskas vielas horizonta augsnes mineralaja
dala (0-60 cm) var pariet Iidz pat 90% skistoSo
organisko savienojumu, kuru talaka mineralizacija to
specifiska sastava dél ir apgriitinata. Ar nokri$niem,
kas izgajusi lapotnei un O horizontam,
augsnes mineralaja dala gada nonak 250-310 kg ha!
iz8kidusSu organisko oglekla un 8-9 kg ha™' organisko
slapekla savienojumu, kuru saistiSanas augsné ir
atkariga no oksalata Skiduma ekstrahgjama Al un
Fe satura, tad¢jadi izraisot augsnes organisko vielu
kvalitativas izmainas. Organiska oglekla uzkrasanas
tendences vairak raksturigas vajak iekultivétam
smilts augsném. Savukart smagaka granulometriska
sastava augsnés ar augstu augu baribas elementu
nodroSinajumu pat 30 gadus péc apmezosanas
organiska oglekla krajumi augsnes mineralaja dala
samazinas.

Karltun ar kolégiem (Karltun, Harrison et al.,
2005) uzsver, ka péc lauksaimnieciba izmantojamas
zemes apmezoSanas iesp&jama iepriek$gja zemes
lietoSanas perioda aramkarta uzkrato organisko vielu
pastiprinata mineralizacija, kas zinama meéra limite
organiska oglekla krajumu palielinasanos meza
augsnes mineralaja dala. Citi petijumi (Vesterdal,
Ritter, Gundersen, 2002) par lauksaimniecibas zemes
transformaciju meza (ozolu audze un Norvégijas
egles audze) rada, ka eglu audze saista biomasa

tacu

cauri

10

4 reizes vairak oglekla neka ozoli, tacu tas neattiecas
uz organiska oglekla saturu un uzkrajumu augsné.
Neskatoties uz audzeto koku sugu, organisko vielu
uzkrajums un saturs augsné bijis lidzigs. Galvenais
organisko vielu uzkrajums novérots meza augsnes
virsgja 5 cm slani. Turpreti dzilak augsné (5-25 cm)
organisko vielu saturs 30 gadu laika pakapeniski
samazinajies, pie kam 15-25 cm slant samazinajums
ir bijis butisks. Ta, virsgja slani organiska oglekla
daudzums $aja laika palielingjies par 3.8 Mg ha’,
bet samazindjies par 7.1 un 8.4 Mg ha' attiecigi
augsnes 5—15 cm un 15-25 c¢m slani. Lidz ar to labi
iekultivétas augsnes apmezoSana ir samazinajusi
organisko vielu krajumus augsnes
slanT par 11.8 Mg ha'. Eksperimenta paraléli
veikta tas paSas zemes transformacija par ganibam
lidziga dziluma attiecigaja laika perioda uzradijusi
72 Mg ha'! lielu organiska oglekla masas uzkrajumu.

Lidzigas tendences konstatetas Jug, Rehfuess
un Hofmann-Schielle (1999) pétijuma, ickultivetu
tfirumu vieta iertkojot atraudzigo karklu, apSu un
vitolu audzes. Tur jau 9 gadu laika augsnes virskarta
dzilak par 20 cm bija vEérojams organiska oglekla
satura iev€rojams kritums. PE&tfjumu autori gan
apgalvo, ka $ada tendence raksturiga, apmezojot
labi iekultivétas augsnes, un novérojama tikai meza
attistibas pirmajas desmitgad@s, kamer procesi augsne
ieglist jaunu lidzsvaru — nostabiliz€jas organisko vielu
ienese, mikrobiologiskie procesi, organiska materiala
sadali$anas un parvieto$anas augsnes profila. Jackson
ar kolegiem (Jackson, Banner et al., 2002) atzimg,
ka arT krimaju ievieSanas zalaugu ekosisteéma nevis
veicina organisko vielu akumulaciju augsné, ka ir
bijis pienemts domat, bet gan bitiski to samazina.
Tadgjadi apgalvojums, ka meza ekosistéma augsne
ievérojami bagatinas ar organiskam vielam, vismaz
mezaudzu augSanas sakuma perioda, ne vienmer ir
pamatots.

Organiska oglekla krajumu samazinasanos
augsnes mineralaja dala, ipasi kokaudzu attistibas
pirmajos 30 gados, apliecina ari vairaki citi p&tijumi
(Post, Kwon, 2000; Paul, Polglase et al., 2002; Guo,
Gifford, 2002; Vesterdal, Rosenqvist et al., 2006),
skaidrojot to ar salidzinosi nelielu nobiru daudzumu
Saja perioda, nedzivaja zemsega akumul&to organisko
vielu lénaku sadaliSanos un limitétu nonaksanu
augsnes dzilakos slanos. Lielakais organisko vielu
krajumu samazinajums augsnes mineralaja dala
konstatets, apmezojot plavas un ganibas. Savukart
transforméjot graudaugu un rusinamaugu audzeSanai
agrak izmantoto zemi, augsné dazkart noverots arl
organisko vielu satura pieaugums. Organiska oglekla

aramkartas
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4. tabula / Table 4

Zemes lietoSanas veida (ZLV) mainas ietekme uz organiska oglekla daudzumu augsné
C,,, changes in soil depending on land use pattern

or;

Izmainas, Mg ha! C gada / Ticamiba
-1 . _
ZLV maina / Annual C changes, Mg ha (ekspertu Literatiiras
Land use change dumi / . / sledziens) / avots /
Zudumt /- pieaugums Plausibility Source
losses increase (expert decision)
Aramzeme — zalajs / Soussana,
Arable land — 1 ! - 0.3-1.9 maza / low Loiseau et al.,
oo -~ 2004
Aramzeme — mezs / Freibauer,
- 03-1.4 augsta / high ~ Rounsevell
Arable land — forest el 2004
Aramzeme — ilggadigas ganibas / B 0.7 g/ low Post. Kwon. 2000
Arable land — pastures
Soussana,
Zalajs — aramzeme / Loiseau et al.,
! 0.95-1.7 - maza/low  2004; Freibauer,
Ley — arable land
Rounsevell
etal., 2004
Zalajs — mezZs / Soussana,
Le J, forest - 0.10 maza / low Loiseau et al.,
! 2004
Mezs — aramzeme / vidgja / Freibauer,
Forest — arable land 0.6 - medium Rounsevell
Y et al., 2004
. I Soussana,
g{)f;zzt—_zlael s/ 0.1 - maza / low Loiseau et al.,
Y 2004
Agromezsaimnieciba / Sharrow, Ismail,
Agroforestry - 0.52-0.74 maza / low 2004
udraj ives Freibauer,
Iéuﬁ;ajaa:ilgilgz eizltlg 1/1 ds 22-54 - maza / low Rounsevell
o P etal., 2004

krajumuizmainas augsné péc apmezosanas ir atkarigas
ne tikai no ieprieksgja zemes izmantosanas veida, bet
arT no klimatiskajiem apstakliem, cilmieza, augsnes
tipa, granulometriska sastava, augu baribas elementu
nodroSinajuma Itmena, koku sugas, meza vecuma
u.c. faktoriem. Neskatoties uz to, ka meza ekosistéma
saista lielu daudzumu oglekla, tiesi mineralaugsnes
tiek uzskatitas (Christensen, 1992; Six, Conant et
al., 2002) par stabilako oglekla piesaistiSanas vidi,
jo izveidojusies augsnes organo-mineralie kompleksi
vajak paklaujas mineralizacijas procesiem un ir
ilgstosi noturigi, salidzinot ar oglekla savienojumiem
nedzivaja zemsega.

IepriekSminéta augsnes organisko vielu satura
un uzkragjumu samazinasanas var bitiski izmainit
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augsnes kvalitati, kad lauksaimnieciba izmantojamas
zem@s uzsak energétisko augu, tai skaita atsevisku
koku sugu, kultivéSanu. Atjaunojamas energijas
resursu un tehnologiju izpéte devusi impulsu
politikiem un energijas razotajiem planot lielu
aramzemes un zalaugu platibu transformésanu Iidz
Sim maz izpétitam zemes izmantoSanas veidam
(Grigal, Berguson, 1998). Aprekinats (Fischer,
Pricler et al.,, 2010), ka, bitiski neictekmgjot
partikas lopbaribas apjomus,
2030. gada ES un 1paSi Austrumeiropas valstis
ap 44-53 miljoni hektaru pasreizgjo iekultivéto
zemju varétu tikt izmantoti energétisko augu

un razosanas

audzesanai. Diemz€l Sobrid ir salidzino$i maz
pctijumu, kas Jautu prognozét S$ada zemes
11
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izmantoSanas veida ietekmi uz augsnes TpaSibam,
tai skaita uz augsnes humusa bilanci. Audzgjot
atSkirigus biomasas augu veidus (atraudzigos kokus,
zalaugus u.c.), organisko vielu ienese augsné gan
kvantitativi, gan péc kimiska sastava bls dazada.
Atseviski zinatnieki (Lasch, Kollas et al., 2010)
prognozg, ka, pieméram, audzgjot karklus un
ieglstot vidgji 7.47 Mg ha' koksnes sausnes gada,
augsnes organiska oglekla pieaugums augsné bils
0.81 Mg ha' C gada. Citi pétjjumi Vacija (Kahle,
Hildebrand et al., 2007) paradijusi, ka, audzgjot
papeles un vitolus biomasas razoSanai iekultivéta
smilts augsn€, 12 gadu laika ir palielinajies gan
organiska oglekla, gan ar1 slapekla saturs augsnes
virskarta, tau C:N attieciba ir paplaSinajusies, jo
slapekla Tpatsvars organiskajas atlikas, kas nonak
augsng, ir samazinajies. 4. tabula ir apkopoti literatiira
sastopamie dati par zemes lictoSanas veida ietekmi uz
organiska oglekla izmainam augsn&*.

No iepriekSminéta izriet, ka ir daudz faktoru,
kas nosaka organisko vielu satura izmainas un
$o izmainu atrumu, kad notiek vai tiek veiktas
radikalas parmainas augsnes
apstradé. Svarigakie faktori, kas ietekm€& augsnes
organisko vielu satura uzturé€Sanu un palielinasanu,
ir: 1) organiskds masas ieneses palielinaSana;
2) grutak noardamo organisko savienojumu
ipatsvara  piecaugums  augsné jaunveidojama
organiskaja viela; 3) organiskas masas iestrade
dzilakos augsnes slanos mehaniski vai arT veicinot
augsnes dzivo organismu darbibu; un 4) izturigas
augsnes struktiiras veidoSanas nodrosinasana.

Kadam jabit organisko vielu saturam augsng, lai
tiktu nodro$inata tas funkciju pilnvertiga realizacija
un ar augsnes ilgtsp&jiga izmantosana? P&tijumos par
augsnes fizikalajam 1pasibam un tas ietekm&josiem
faktoriem (Greenland, Rimmer, Quirk, 1975)
konstatéts, ka, organiska oglekla saturam augsne
pazeminoties zem 2% robezas, butiski samazinas
augsnes struktliragregatu stabilitate un Iidz ar to
arl citas augsnes Tpasibas. Turpmakie pétijumi
un iegiito datu analize (Carter, 2001; Loveland,
Webb, 2003; Huber, Prokop et al., 2008) liecina, ka
noteikt universalas kritiskas robezvertibas organisko
vielu, ka arT to frakciju un komponentu saturam
augsné ir problematiski un diez vai tadas vispar ir
iespgjamas. Tas tiek skaidrots ar augsnes organisko
vielu neviennozimigo un daudzfunkcionalo dabu,
kas atkariga no geoklimatiskiem apstakliem,
zemes izmantoSanas veida, augsnes tipa, augsnes
apsaimnieko$anas un citiem faktoriem.

izmantoSana un

Atseviski mégindjumi (Feller, Beare, 1997)
noteikt organisko vielu augstakas un zemakas
pielaujamas vertibas misdienas saistiti galvenokart
ar erozijai paklautajam tropiskajam augsném, kur
konstatetas linearas sakaribas starp organisko vielu
satura izmainam atkariba no putek]u un malu frakciju
satura augsnés, kuras doming kaolinita un smektita
tipa mala minerali, ka arT saisttba ar virszemes
noteces turbidimetriju, t.i., Gdenu uzdulkojuma un
organiskas vielas satura sakaribam. Ar1 Loveland,
Webb un Bellamy (1999), pétot organiska oglekla
satura un augsnes agregatu stabilitates sakaribas
lielam skaitam augSpu paraugu, konstatgjusi, ka
kritiskas robezas (C_, <2% un C_ >2.5%) atrodas
salidzino$i Saura intervala, bet oglekla noteikSanas
kluda $aja intervala ir 0.1%, tapéc tiek uzskatits,
ka organiska oglekla saturs nav pietickami labs
indikators augsnes fizikalo Tpasibu
prognozesanai.

Cita publikacija (Korschens, Weigel, Schulz,
1998) autori secina, ka tad, ja nenem vera augsnes
veidu, par kritisko organiska oglekla satura robezu
var€tu uzskatit 1%, zem kuras tad vairs nav iespgjams
sasniegt potencialo razibu. Tom&r vini kritiski verte
augsnes organisko vielu satura raditaja ka augsnes
Tpasibu un kultiraugu razibas izmainu indikatora
nozimibu, noradot uz nepiecieSamibu plasak pétit ta
saukto aktivo frakciju ietekmi uz augsnes Tpasibam
dazadas augsn@s un atSkirigos zemes izmantoSanas
veidos. Verheijen ar kolégiem (Verheijen, Bellamy et
al., 2005), pamatojoties uz Anglijas un Velsas augsnu
apsekoSanas datiem, konstatgjusi, ka organiska
oglekla saturs tirumu un daudzgadigo zalaju augsnés
vari€ zinamas robezas atkariba no mala satura tajas
un vidgjas gada nokriSnu summas. Ta, smilts augsnés
zemakais COrg saturs ir bijis 0.5%, bet augstakais
palielingjies no 1.6% (kad nokriSnu daudzums
bijis <650 mm gada) Iidz 3.4% (800-1100 mm
nokriSnu gada). Savukart mala augsnés (mala
saturs — 40-50%) zemaka robeza atkariba no
nokriSnu summas paaugstinajusies no 1.5% lidz
2.3% Corg, bet augsgja robeza — attiecigi no 4.1% lidz
5.3% Corg. Pamatojoties uz pieejamo datu analizi,
Spink ar koleégiem (Spink, Hackett et al., 2010)
atzimé, ka ir pilnigi skaidrs, ka augsnes, kur organiska
oglekla saturs parsniedz 2%, sp& veikt savas
funkcijas, taCu satura pazeminaSanas zem SIS
robezas jaizverte  atseviSki  atkariba
no ta, vai tadgjadi pasliktinas augsnes fizikalas
Tpasibas, palielinas erozijas risks un vai tiek
limit&ta augsnes produktivitate.

izmainu

vienmer

2 http://www.snh.org.uk/pdfs/strategy/renewable/Patricia_Bruneau.PPS — Resurss aprakstits 2011. gada 14. maija.
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AOOSI

Statiskie /
Static

Dinamiskie-potencialie /
Dynamic-potential

J 4

4

Saturs/ Content
= faktiskais /actual
= minimalais /minimal
= maksimalais / maximal

Krajumi/ Stock

= samazinasanas/decrease
= palielind3anas/increase

Izmaipu temps / Change rate
= zudumi/losses
= pieaugums/increase

1. att. Augsnes organiska oglekla statusa indikatoru (AOOSI) pamatstruktiira.
Fig. 1. Layout of indicators for monitoring of soil organic carbon status (AOOSI).

Lai biitu iesp&jams kontrolét Eiropas Savieniba
degradacijai potenciali paklauto lauksaimnieciba
izmantojamo mineralaugs$nu kvalitates izmainas,
Stolbovoy un Montanarella (2008) iesaka izmantot
Augsnes organiska oglekla statusa indikatorus
(AOOSI). To pamatstruktiira paradita 1. attela.

Indikatoru izveide balstita uz sadiem principiem:
1) augsnes organiska oglekla statusu nosaka atseviski
katrai augsnes tipologijas vienibai; 2) faktiskais
augsnes organiska oglekla saturs (C, ) (kg m?
vai Mg ha' C) raksturigs augsnes tipam, mainas
atkariba no bioklimatiskiem apstakliem un augsnes
apsaimniekoSanas veida, kas nosaka organisko
vielu attiectbu; 3) minimalais
organiska oglekla saturs (C__ ) ir atkarigs no augsnes
granulometriskda sastava un mala mineralu veida,
bet ne no augsnes geografiskas atraSanas vietas,
un atbilst biologiski ,,inertajai” augsnes organisko
vielu frakcijai; 4) maksimalais organiska oglekla
saturs (C_ ) ir lielakais ta daudzums, ko attieciga
tipa augsne spg& akumulét dotajos klimatiskajos
apstaklos pie maksimalas ieneses un minimalas
augu atlieku un humusa mineralizacijas; 5) augsnes
organiska oglekla daudzuma izmainas notiek saskana
ar eksponencialu sakaribu, t.i., ta uzkrasanas straujak
notiek ar organiskam vielam nabadzigas augsnés, bet
krajumi atrak sartik augsnés ar augstu organisko vielu
saturu. Augsnes organiska oglekla kritisko limenu,
ka arl izmainu apjoma un dinamikas aprékiniem
izmantojami autoru piedavatie algoritmi (Stolbovoy,
Montanarella, 2008). Tacu tik detaliz&ti aprekini prasa
ievérojamu sakotngjo datu apjomu, kuru pieejamiba
nereti ir problematiska. Tapéc, izstradajot indikatorus
augsnes organisko vielu statusa izmainu un ar citu
augsnes degradacijas risku noveértésanai monitoringa

ieneses—izneses
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sistémas, noteikti tris galvenie (TOP3) indikatori:
1) augsnes organiska oglekla saturs (%) augsnes
virskarta; 2) augsnes organiska oglekla krajumi

(Mg ha'); un 3) kuodras krajumi (Mt),
neuzradot to kritiskas vértibas, bet paredzot
identificét So raditdju izmainpas laika (Huber,

Prokop et al., 2008).

Secinajumi
ES dalibvalstis,
lauksaimniecibas restrukturizacijai un dalgjai LIZ

no vienas puses, notiekot
transformacijai, bet, no otras puses, aktualiz€jot
augsnes aizsardzibas jautajumus, liela vériba tiek
pieversta augsnes kvalitates aspektiem. Tiek mekl&ti
konceptuali risinajumi augsnes kvalitates biutibas
formulSsanai, ka arT tas raksturojoso raditaju jeb
indikatoru izvélei. Nemot veéra komplicéto sistemu,
kadu veido augsne un taja notiekoSie procesi, augsnes
atSkirigas funkcijas, ka arT daudzskaitligas variacijas,
ko veido dabiskie apstakli un antropogéna ietekme,
nav viegli atrast vienkar$u un universali pielietojamu
shému augsnes kvalitates novertésanai un tas izmainu
monitoringam.
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Soil Quality within the Context of Land Use Changes
I1. Soil Physical and Agrochemical Properties

Inara Lipenite, Aldis Karklin$§
LLU Augsnes un augu zinatnu institts
Institute of Soil and Plant Sciences, LLU
e-mail: Inara.Lipenite@llu.lv

Abstract. Land use changes are one of the factors leading to the disturbance of existing equilibrium in the
ecosystem, and as a result several undesirable processes might negatively influence the soil functions. Despite
many investigations where different aspects of soil quality in relation to land use change are studied there is
not unequivocal conception and explanation which could be applicable for all situations. Differences in soil
formation, diversity of abiotic and biotic conditions, and management practice stimulate or hinder changes
which are going on in soil after radical alteration of land use pattern. In many countries, including Latvia,
great emphasis is put on energetic crops. Availability of productive land not used for agriculture, climate, and
water resources are advantages for development of this sector. But necessity for intensive use of fertilisers,
other chemicals, heavy field machinery, and radical changes in organic matter accumulation and turnover
of plant nutrients are risks which should be foreseen and studied. The goal is to accumulate the advanced
information for decision support as well as to develop an effective soil monitoring framework to control the
situation. The present article gives a literature review and analysis of information accumulated in research
publications to point out aspects which could be relevant for Latvia situation. This is the second article (the first
one see on pp. 1-17 of the current issue) devoted to the possible effects of land use changes on soil quality and

environmental risks.

Key words: soil indicators, energy crops, afforestation, environmental risks.

Ievads

Saja raksta tiek turpinats zinatniskas literatiiras
apskats un analize, kas veltiti zemes lietoSanas veida
mainas iesp&jamai ietekmei uz augsnes Ipasibam, ka
arTuz vides riskiem (raksta pirmo dalu skat. §T krajuma
1.-17. Ipp.). Mainoties zemes izmantoSanas veidam,
audzetajiem kultGraugiem un tehnologijam, augsné
tiek izjaukts ilgstosa laika posma nostabilizgjies
stavoklis. Augsne sava genézé izjut traucgumu —
kadu notikumu vai ta intensitates un periodiskuma
mainu, kuru rezultata mainas ekosistemas strukttra
vai funkcionalais stavoklis. L1dz ar to mainas daudzi
augsné notiekoSie mikro- un mezoprocesi: fizikalie
(pieméram, notiek augsnes sablivésanas, dalinu
parvietoSanas, tdens kustibas maina), kimiskie
(vielu aprites maina, reakcijas maina u.c.) un
bilologiskie (citu sugu ienak$ana ekosistéma, mainas
apstakli mikroorganismu darbibai, to baribas vielu
nodros§inajums u.c.). Dala no Siem procesiem norit
straujak, citi 1enak, dalai atkartota stabilizacija iestajas
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atrak, citiem ilgstosaka laika posma. Tadgjadi augsne
veidojas noteiktu Tpasibu maina, turklat dazas no tam
ir iesp&jams konstatet atrak, citas var izpausties tikai
pec gadiem. Lai tomer §is konsekvences paturétu
redzesloka un lai péc gadiem, veicot radikalus
pasakumus, nepiedzivotu nepatikamus parsteigumus,
savlaicigi javeic atbilsto$i pé€tijumi un jaapzina
iesp&jamie riski.

Daudzas valstis, tai skaita arT Latvija, lielas
ceribas tiek liktas uz ta saukto energijas kultiraugu
(energétisko  augu) audz€Sanu. Latvijai ir
prieksnoteikumi §Ts nozares attistibai: tradicionalo
energoresursu ierobezota pieejamiba, liclas platibas
produktivu zemju, kuras paslaik nav nepiecieSamas
partikas razoSanai, atbilsto§s klimats un augsnes
augliba. Tacu lai energétisko augu audzé$ana sevi
attaisnotu, nepiecieSams intensivi pielietot kimiskos
Iidzeklus, uz augsni jaattista arT mehaniska slodze,
ka rezultata mainas biologiskie procesi augsné.
Tapéc iesp&jamas sekas jaapzina savlaicigi.
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Lidz ar to darba mérkis bija veikt literatiiras analizi
par Siem jautajumiem, lai apzinatu iesp&jamas tiesas
un netiesas sekas, ar ko vargtu nakties saskarties $aja
joma, un lai rosinatu Latvija uzsakt vai intensificét
atbilstoSus pétijumus.

Augsnes fizikalas 1paSibas ka augsnes
kvalitates izmainu indikators

Augsnes kvalitati un tas sp&ju pretoties
degradacijas procesu attistibai butiski ietekmé&
augsnes fizikalas ipasibas. Augsnes fizikalas Tpasibas
raksturo augsnes cietas fazes un poru savstarp&jas
sakaribas augsnes masa. Augsnes cietds fazes
dalinas dazadu fizikalu, fizikali ktmisku un kimisku
faktoru iedarbibas rezultata sagrupgjas, sasaistas un
sakartojas, veidojot augsnes struktiiru, kas labak vai
sliktak nodrosina augu saknu augSanu un izplatibu,
sekmg vai limit€ augiem nepiecieSama mitrumarezima
veidoSanos, nodroSina gaisa un gazu apmainu starp
augsni un atmosferu, ka ari veic virkni citu funkciju.
Augsnes fizikalas Tpasibas ir viens no galvenajiem
augsnes auglibu noteicosajiem faktoriem, tadgjadi
lidz ar citiem faktoriem sekmgjot galvenas augsnes
funkcijas — ilgtsp€jigas lauksaimnieciskas razoSanas
iesp&ju — realiz€sanu. Lidztekus tam augsnes fizikalas
ipasibas bitiski ietekmé biologiskas daudzveidibas
saglabasanas un vides kvalitates nodrosinaSanas
funkcijas, nosaka vairaku augsnes degradacijas veidu
intensitati.

No augsnes fizikalo Tpasibu raditajiem ka augsnes
kvalitates indikatorus literattra (Karlen, Mausbach et
al., 1997; Ball, Campbell et al., 1997; Kladivko, 2002;
DeLaRosa, 2005) visbiezak min augsnes tilpummasu,
sakartas blivumu, struktiru un struktiiragregatu
stabilitati, porainibu, Gidens infiltraciju, penetracijas
pretestibu u.c.

Augsnes tilpummasa atspogulo augsnes sp&ju biit
par substratu, kura iespiezas un nostiprinas saknes,
notieck Tdens un augsnes Skiduma parvietoSanas
un augsnes aeracija. Augsnes tilpummasa ka
dabiski porainas augsnes tilpuma vienibas masa
kalpo par augsnes porainibas un sablivétibas
indikatoru. Augsnes sablivéSanos un poru tilpuma
samazinasanos rada smagas tehnikas parvieto$anas
pasi palielinata mitruma apstaklos, augsnes ilgstoSa
apstrade viena dziluma, ierobezota augu maina
bez saknu izvietojuma dziluma variacijam, augu
atlicku aizvakSana vai sadedzinaSana, nepardomata
ganibu sist€éma. Sablivéta augsné vaji attistas saknu
sistéma, augu nodrosinajums ar mitrumu un gaisu ir
limitéts un Iidz ar to samazinas audzeto kultiraugu

raziba. Turklat apgriitinata @idens infiltracija izraisa
virszemes noteces palielinasanos, kas rada augsnes
erozijas risku reljefainas vietas vai virsidenu
uzkrasanos lidzenos laukos. Augu augsanai optimalus
apstaklus nodrogina augsnes tilpummasa', kas smilts
augsnés ir mazaka par 1.60, puteklaina augsné —
mazaka par 1.40, un malaina augsné — mazaka par
1.10 g cm?, bet tilpummasa, kas smilts, puteklu un
mala augsné jau ierobezo saknu augsanu, ir attiecigi
lielaka par 1.80, 1.65 un 1.47 g cm™. Dazadas augsnes
apstrades tehnologijas un zemes izmantoSanas veidi,
organiskas vielas satura izmainas un ar1 dazadi
augsnés notickoSie procesi izraisa tilpummasas
svarstibas laika un telpa.

Augsnes sakartas blivums (packing density) péc
butibas ir tuvs tas tilpummasai. Tacu Seit tiek nemts
vera vel viens papildu aspekts. Augu saknu izplatibas
iespjas augsné nosaka ne tikai tas tilpummasa, bet
arT granulometriskais sastavs. Smagas augsnés tadu
poru daudzums, kas netraucé augu saknu izplatibu,
ir mazaks. Tapec tas japem vé&ra, lai pilnigak
raksturotu augu saknu izplatibas iesp&jas. Tadgjadi
sakartas blivumu (Ld, g cm?) aprékina, augsnes
tilpummasas (D, g cm) raditaju korig€jot atbilstosi
mala saturam (C, %):

Ld=D+0.009xC.

Augsnes  sablivéSanas  izraisa  nekapilaro
makroporu daudzuma un poru nepartrauktibas
samazinasanos, tadgjadi  samazinot  augsnes

gaisietilpibu, iidens un gaisa caurlaidibu un rezultata
veicinot anaerobu apstaklu veidoSanos, virszemes
noteces palielinasanos un erozijas riska pieaugumu.
Arl augu saknes nespgj iespiesties un izplatities
normali, ja kopgjais poru tilpums ir mazaks
par 40%. Pie §ada poru tilpuma ne tikai penetracijas
pretestiba ir parak liela, bet arT skabekla daudzums
ir nepietickams saknu  attistibai.  Vairakas
publikacijas (Jones, Spoor, Thomasson, 2003;
Spoor, Tijink, Weiskopf, 2003; Huber, Prokop
et al., 2008), analiz€jot petljumu rezultatus, tiek
nodalitas 3 sakartas blivuma klases:
<140 g cm?, vidgjs — 1.40-1.75 g cm?, un
augsts — >1.75 g cm3. Augsnes, kuru sakartas
blivums ir lielaks par 1.75 g cm?, tiek uzskatitas
par sablivétam, un to gaisietilpiba gandriz
vienmér ir mazaka par 10% vai biezi pat mazaka
par 5%. Kaufmann ar kolégiem (Kaufmann, Tobias,
Schulin, 2010), p&tot augsnes fizikalo kvalitati
un kvalitates indikatoru kritiskas robezas, atzist,
ka augsnes tilpummasai, ko parasti izmanto ka

zems —

! http://soilquality.org/indicators/bulk density.html — Resurss aprakstits 2011. gada 18. aprili.
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augsnes sablivétibu raksturojosu indikatoru, nav
konstat€jama lineara funkcionala sakariba ar augu
augSanu, bet sakartas blivuma vértiba 1.70 g cm™
labi nodala augu augsanas optimalos apstaklus no
augSanu limit&josiem apstakliem.

Augsnes struktiira ir augsnes masas izkartojums
diskrétas vienibas — struktiiragregatos, kurus citu no
citaatdala dazada izméraun formas tukSumi. Strukttira
nodro$ina augsnes aeraciju, regulé un pardala fidens
un augsnes Skiduma plismu, rada piemé&rotu dzives
vidi mikroorganismiem un izplatibas iespgjas
augu sakném. Augsnes dalinu pargrup&umam un
stabilitatei ir svariga nozime organiska oglekla
uzkrasana, biologiskas daudzveidibas saglabasana,
ka arT citu svarigu augsnes funkciju nodrosinasana.

Struktiragregatu stabilitate ir agregatu
spja pretoties argjo ardoSo spéku iedarbibai.
Agregatu stabilitate ir augsnes organisko vielu
satura, reakcijas, biologiskas aktivitates un augsné
notiekosas augu baribas elementu aprites indikators.
Augsnes mikroagregatu veidosana par saistvielam
galvenokart kalpo specifiskas humusvielas, savukart
mikroagregatus kopa notur organiskie savienojumi,
kas veidojas augsn€, mikroorganismiem sadalot
svaigu organisku materialu. Makrostruktiru
stabiliz€josas organiskas vielas daudz vieglak
paklaujas  mineralizacijas tapec
praktiski jebkura iedarbiba uz augsni, kas veicina
mineralizaciju vai samazina organisko vielu saturu

procesam,

augsné, izraisa augsnes struktiiras degradaciju un
Iidz ar to arT augsnes kvalitates pasliktinasanos.
Augsnes struktiiragregatu stabilitati ietekmé& ar1
tidens un mehaniska iedarbiba uz augsni.
Infiltracija ir augsnes kvalitates indikators, kas
raksturo augsnes sp&ju nodro$inat tidens iestik§anos
un kustibu cauri profilam, tadgjadi sekméjot Gdens
pieejamibu augiem un labvéligu vidi augsnes
organismiem. Infiltracijas sp&ja un dens izplatiba
augsné ir atkarTgas no porainibas, kas labi strukturéta
augsné nodros$ina gan lejupejosu plismu, gan aritidens
noturéSanu augsnes kapilarajas poras. Apgriitinata
infiltracija novérojama smaga granulometriska
sastava augsnés ar vaji izteiktu struktiiru vai zemu
agregatu stabilitati. augsnes
esosajam drupatam, dispersas dalinas aizpilda poras,
tadgjadi samazinot Udenscaurlaidibu un veicinot
augsnes garozas veidosanos. Ja nokrisnu daudzums
parsniedz infiltracijas kapacitati, Gdens vai nu
sakrajas augsnes virspus€, ka rezultata tiek trauceta
augsnes aeracija, saknu darbiba un baribas vielu
pieejamiba augiem, vai arT parvietojas uz reljefa
zemakam vietam, uzdulkojot, $kidinot un aiznesot

Sairstot virskarta
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lidzi augsnes dalinas un iz8kidusas vielas. Infiltraciju
pavajina augsnes izmantoSanas un apstrades veidi,
kas samazina organisko vielu akumulaciju, sablive
augsni un atstaj to bez augu vai augu atlieku segas,
tadgjadi paklaujot to erozijai.

Augsnes fizikalas ipasibas visvairak ietekmé
augsnes apstrade. Sakara ar vides aizsardzibas
jautajumu aktualiz€Sanu un augsnes
saglabasanas un uzlaboSanas nepiecieSamibu,
pastiprinata uzmaniba pédgjas desmitgadgs tick veltita
augsni saudz€joSu apstrades tehnologiju ievieSanai.
Daudzos pétijumos (Hill, 1990; Rhoton, Bruce et al.,
1993; Rasmussen, 1999; Pabin, Lipiec et al., 2003;
Czyz, Dexter, 2008) tiek akcentets, ka minimala
augsnes apstrade palielina augsnes infiltracijas spgju,
samazina virszemes noteci, aizsarga augsni no tidens
zemaramkartas sablivésanu,
izmaina Udens reZimu augsné, palielina augsnes
stabilitati un sakara ar organiskas vielas akumulaciju
kopuma pozitivi ietekmé augsnes fizikalo kvalitati.

Tomer atsevisku augsnes fizikalo T1pasibu
raditaju izmainas dazadas augsn@s nereti uzrada
atskirigas tendences. Ta, apkopojot literattiras datus,
Pikul un Aase (1995) konstate, ka salidzinajuma
ar konvencionalo augsnes apstradi minimala vai
bezapstrades sist€ma parasti palielina augsnes
tilpummasu, tacu atseviskos gadijumos izmainas
netick noverotas. Arl veicot Udens infiltracijas
pétijumus, autori konstat&jusi, ka augsnes apstrades
minimiz&$ana uzlabojusi tdens iestikSanas atrumu
tikai pirmas stundas laika, bet turpmakaja laika
infiltracija izlidzinajusies, neskatoties uz augsnes
tilpummasas atSkirtbam. Citi pétjjumi (Moreno,
Pelegrin et al., 1997; Pabin, Lipiec et al., 2003;
Czyz, Dexter, 2008) rada, ka augsnes apstrades
samazinasana izmaina augsnes cietas fazes un poru
attiecibu, samazinot makroporu Ipatsvaru. Lai gan
augu nodro§inajums ar mitrumu, veicot minimalu
augsnes apstradi, uzlabojas, tas tomér nesaglabajas
ilgstosi, jo Iidz ar tilpummasas palielinasanos
pastiprinas ari iztvaikoSana no augsnes. Turklat,
paliclinoties augsnes tilpummasai, pieaug ari
penetracijas pretestiba, kas nepietickama mitruma
apstaklos kavé augu attistibu. Ta, pieméram, Danija
konstatéts (Schjonning, Thomsen, 2006), ka augsnes
minimala apstrade ilgstosaka laika perioda izraisa
penetracijas pretestibas  palielinasanos augsnes
virskarta (7-10 cm) vairak par 1.5 MPa, kas ir
kritiska robeza augu saknu augSanai un attistibai.
Tapat augsné samazinas ar gaisu pildito poru tilpums
un ir apgriitinata gazu apmaina. Ka atzZimé Kladivko
(2002), augsnes apstrades minimizé$anai pozitiva

kvalitates

erozijas, samazina
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ietekme uz augsnes produktivitates saglabasanu
verojama galvenokart tikai vaji strukturétas, ar
organisko vielu nabadzigas augsnés.

Pedgjas desmitgadgs, parstrukturgjot
lauksaimniecibu, ne tikai Latvija, bet ari citviet
Austrumeiropa, diezgan lielas agrak intensivi

izmantotas zemes platibas tiek atstatas atmata.
Literatiira ir atrodami dati par to, ka $adas izmainas
zemes izmantosana ietekm& augsnes Tpasibas.
Fizikalo 1pasibu uzlaboSanas novérota izméginajuma
Polija (Pranagal, Podstawka-Chmielewska,
Slowinska-Jurkiewicz, 2007), kur, podzolaugsni
atstajot atmata uz 10 gadiem, biitiski izmainijusies
§1s augsnes tilpummasa, kop&ja porainiba, lauka
tdensietilpiba, gaisa ietilpiba un caurlaidiba. Ka tpasi
nozimigu autori atzimé sabliv€Sanas ieverojamu
samazinajumu un tdensietilpibas picaugumu. Tacu
augsnes kvalitates izmainas notiek pakapeniski un
uzlaboSanas paradas ne atrak ka 5 gadu laika. Citos
petijumos (Lampurlanes, Cantero-Martinez, 2003)
akcentgts, ka, atstajot lauku papuve, augsnes fizikalas
Tpasibas uzlabojas arl daudz 1saka laika. levieSot
papuvi, samazindjusies augsnes tilpummasa un,
pateicoties vairakkartigiem dabigiem mitrinasanas un
izztisanas cikliem, augsne kluvusi irdenaka, panakta
tas 1patngjas pretestibas samazinasana gan augsnes
apstrades, gan arT bezapstrades variantos.

Dabisko zalaju augsnes ir labi strukturétas un
bagatas ar organiskam vielam. Zemes izmantoSanas
veida maina parasti ir saistita ar So augsnu struktiiras
noardiSanu un pakapenisku organisko vielu satura
samazinasanos. Sie procesi ir ipasi izteikti, kad
zalajus transformé aramzeme. Ta,
ganibu augsné parsvara ir agregati, kas lielaki par
4 mm, bet, So augsni kultivgjot, sak dominét par
0.5 mm mazaki struktiiragregati, tick novérota
augsnes tilpummasas iev@rojama palielinasanas,
porainibas, infiltracijas un
pavajinasanas. Velénai raksturigo udensizturigo
augsnes struktiiragregatu ipatsvars augsné lidz ar tas
kultivéSanu strauji samazinas, pie kam smilts augsnés
tas notiek atrak, bet smagaka granulometriska
sastava augsnés — pakapeniski vairaku gadu garuma.
Augsnes apstrade ietekm& augsnes
makroagregatus, kamér mikroagregatu Tpatsvars
relativi palielinas. Mikroagregatos ietverts salidzinosi
neliels augsnes organiska oglekla daudzums, turklat
Siem savienojumiem raksturigs ieverojami ilgaks
parveidoSanas periods. Savukart lielaka dala augsnes
organiska oglekla un slapekla labilo savienojumu
atrodas makroagregatu sastava. Lidz ar zemes
transformaciju makroagregati noardas, atbrivojot un

piemeram,

udens caurlaidibas

viskrasak

LLU Raksti 26 (321), 2011; 18-32

paklaujot straujai mineralizacijai organiskas vielas, ka
rezultata ilgstosi apstradata augsne arvien mazak spgj
nodro§inat augus ar tiem nepiecieSamajam baribas
vielam (Low, 1972; Elliott, 1986; Cambardella,
Elliott, 1993; Six, Elliott et al., 1998; Celik, 2005;
Haghighi, Gorji, Shorafa, 2010).

Loti krasas augsnes kvalitates izmainas vienmér
saistitas ar meza augsnu transform&sanu par aramzemi.
Sada zemes lietosanas veida maipa galvenokart
izplatita vietas, kur trikst partikas razoSanai
nepiecieSamo zemju platibu vai arT izstradajot mezus.
Ka liecina pétijumi dazados pasaules regionos
(Hajabbasi, Jalalin, Karimzadeh, 1997; Xiubin, Fenli
et al., 2002; Guo, Gifford, 2002; Lemenih, Karitun,
Olsson, 2005), péc augsnes apstrades uzsaksSanas
bijusas meza zemés loti krasi samazinas organisko
vielu saturs un Iidz ar to pasliktinas ari vairums
augsnes fizikalo ipasibu. Konstatéta, pieméram,
divkartiga augsnes tilpummasas palielinaSanas,
ievérojams nekapilaro poru tilpuma samazinajums,
vairakkart samazinajusies augsnes struktiiragregatu
stabilitate, kas negativi ietekm& fidens infiltraciju,
caurlaidibu un citas hidrofizikalas Tpasibas. Tas visos
gadijumos izraisijis dramatisku erozijas procesu
intensitates pieaugumu. Turpreti Spanija veiktos
petijumos (Varela, De Blas, Benito, 2001) konstatets,
ka meza augsnes, kas palielinata mitruma apstak]os
ir uzkrajusas augstu organisko vielu masu, péc
atmezoSanas sakotngji nav bijusas paklautas straujam
fizikalo TpaSibu izmainpam. Vismazakas izmainas
noveérotas augsnes tilpummasai un kopporainibai,
lai gan makroporu Tpatsvars tomer samazinajies.
Ka labakie augsnes fizikalas degradacijas indikatori
tiek atziti agregatu stabilitate un augsnes mehaniska
pretestiba.

Lauksaimnieciba ilgstoSi izmantoto
apmezoSana ar1 butiski ietekm& augsné notiekoSo
procesu gaitu un intensitati. Partraucot augsnes
apstradi, sakas augsnes cietas fazes un poru aiznemta
tilpuma izmainas, kas salidzindjuma ar aramzemi

zemju

izpauzas ka tilpummasas pakapeniska samazinasanas
un kopporainibas palielinasanas (Messing, Alriksson,
Johansson, 1997; Compton, Boone et al., 1998;
Kahle, Baum, Boelcke, 2005). Petijumos Polija
(Olszewska, Smal, 2008) noskaidrots, ka 17 gadus
pEc aramzemes apmezoSanas priezu audzé augsnes
tilpummasa un porainiba izmainijusies salidzinosi
nedaudz — nav Kkonstatétas batiskas
neviena augsnes horizonta. Bitiska tilpummasas
samazinasanas un kopporainibas palielinaSanas Ah
horizonta salidzinajuma ar aramzemes Ap horizontu
novérota 36 gadus veca priezu audzg, lai gan arT pec

izmainas
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tik ilga laika tikai virskartas 0-5 cm slani augsnes
tilpummasa un kopporainiba sasniegusi Iimeni,
kads raksturigs dabiska meza humusa akumulacijas
horizontam. Autori uzsver, ka vajadzigs ilgs laiks,
lai transformé&ta augsnes aramkarta izveidotos meza
ekosistémai raksturigie augsnes fizikalo parametru
Itmeni. Lidzigi secinajumi atrodami arl citu autoru
petijumos (Alriksson, Olson, 1995; Ritter, Vesterdal,
Gundersen, 2003). Tacu atseviskos izm&ginajumos
(Wall, Hytonen, 2005) konstatéta salidzinosi strauja
(ap 10 gadu) augsnes tilpummasas pazeminasanas
un porainibas palielinasanas p&c aramzemes, ka
arT dabisko zalaju apmezoSanas. Fizikalo IpasSibu
uzlabosanas tiek skaidrota ar augoSo koku ietekmi,
uzkrajot organiskas vielas, koku saknu kimiska sastava
Tpatnibam, saknu, temperatiiras un mitruma mainas
ietekmi uz augsnes masas irdinasanu apstaklos, kad
vairs nenotiek augsnes mehaniska apstrade.

Augsnes fizikalo 1pasibu pasliktinasanas notiek
energétisko kultiraugu audzé$anas procesa. Ta
galvenokart saistita ar augsnes sablivésanu, ko izraisa
smagas tehnikas parvietosanas plantaciju ierikoSanas
un biomasas novaksanas laika. Lielakais sablivéSanas
risks noveérots smagaka granulometriska sastava
augsnés palielinata augsnes mitruma apstaklos,
kas raksturigi novakSanas periodam. Atkariba no
mitruma augsnes vairak vai mazak paklaujas argjo
speku iedarbibai, kuru rezultata notick deformacija.
Iedarbibas liclums atkarigs no mala un puteklu dalinu
ipatsvara, struktiiragregatu izturibas, vienladina
katjonu Ipatsvara augsnes adsorbcijas kompleksa un
organisko vielu daudzuma. Nelabvéligas So faktoru
kombinacijas augsné sekmé& augsnes struktiiras
noardiSanos, augsnes sablivéSanos, aeracijas
samazinasanos. Atkariba no ar¢jo mehanisko speku
iedarbibas ilguma un biezuma deformacija tiek
parnesta uz dzilakiem augsnes horizontiem, kur
veidojas plaksnveida struktiira. Ta, izmé&ginajumos
novacot karklus, nekapilaras poras augsné noarditas
pat Iidz 60 cm dzilumam, tadgjadi gaisa caurlaidibu
samazinot 3 reizes augsnes virskarta un 2 reizes
dzilakos augsnes slanos. Rezultata palielindjusies
augsnestilpummasa, biitiski pavajinajusies infiltracija,
un paatrinajusies augsnes erozijas attistiba.

Anaerobie apstakli izmaina augsnes
redokspotencialu, palielinas oglskabas gazes
koncentracija augsnes gaisa, pastiprinati notiek
slapekla oksida, metana un oglskabas gazes emisija
(Fazekas, Horn, 2005; Hamza, Anderson, 2005;
Peth, Horn, 2006; Finch, Karp et al., 2009; Blum,
Gerzabek et al., 2010). Savukart Blanco-Canqui un
Lal (2009) fizikalo ipasibu pasliktinasanos saista ar
lielas organiskas masas aizvakSanu no lauka, kas
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butiski samazina loti svarigo organisko saistvielu
ienesi un veidoSanos augsné, jo tas nodrosina augsnes
struktliragregatu veidosanos un to izturibu. Lidz
ar to noardas augsnes struktiira, augsnes virskarta
saciete un plaisa, augsne sablivEéjas un veidojas
eroziju veicino$i apstakli. Citos pétjjumos (Mann,
Tolbert, 2000; Kahle, Hildebrand et al., 2007) pausts
nedaudz atskirigs viedoklis: konstatéts, ka ilgstosa
biomasas augu, 1pasi atraudzigo koku, audzgSana
agrak lauksaimnieciba izmantota augsné samazina
augsnes tilpummasu un paliclina tas porainibu, tacu
tas neattiecas uz stadijuma ierikosanas gadu. Tikai
pakapeniski augsnéuzkrajoties organiskajamatlieckam
un palielinoties organisko vielu daudzumam, autori
noverojusi labveligas fizikalo Tpasibu izmainas.

Agrokimisko Ipasibu izmainas LIZ
apmeZoSanas un energétisko augu
kultiveSanas rezultata

Lauksaimniecibas zemju apmezoS$ana butiski
izmaina augsnes Ipasibas un augu baribas elementu
apriti. Pirmkart, radikali samazinas lauksaimniecibas
tehnikas radita mehaniska iedarbiba uz augsni,
izmainas augsnes fizikalas 1pasibas un darbibas
vide augsnes mikroorganismiem. Otrkart, atkariba
no audzetajam koku sugam augsné nonak péc
kvantitates un ktmiska sastava atskiriga biomasa. Tas
mineralizacijas atrums, ko ietekmé C:N attieciba,
lignina un citu sekundaro oglekla savienojumu
klatbuitne, nosaka slapekla un citu augu baribas
elementu apriti un nodrosinajumu augsné (Berendse,
1998; Reich, Oleksyn et al., 2005).

Slapekla apriti meza ekosistema labi raksturo
Zviedrija, Danija un Holandeé veikto pétijumu
(Dise, Matzner, Gundersen, 1998;
Kristensen, Gundersen et al., 2004; Rosenqvist,
Hansen et al., 2007). Noskaidrots, ka slapekla
ienese augsné notiek galvenokart ar nobiram un
nokrispiem. P&c lauksaimnieciba izmantotas zemes
apmezoSanas galvenais slapekla avots sakotngji ir
augsné uzkrato organisko vielu rezerves, kuram
ir tendence samazinaties. Lidz ar to samazinas
arT slapekla resursi — par 3.4-48.2 kg ha' N gada.
Izteiktaka slapekla uzkrasanas zemsedze sakas tikai
10— 20 gadus péc apmezosanas, un 30 gados uzkratais
slapekla daudzums svarstas no 85 lidz 400 kg ha' N.
Ar lapu koku nobiram slapekla ienese ir lielaka neka
no skujkokiem, tacu jebkura veida audzEs ienese
palielinas, piecaugot audzes vecumam, jo tad lielaka
kltist nobiru masa. Slapekla saturs nobiras ar audzes
vecumu izmainas maz. Ta, ozoliem C:N attieciba
saglabajas robezas 20-25, bet eglem — 40-50.
Slapekla depozicija ar nokriSpiem, kas izgajusi cauri

rezultati
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lapotnei, ir atkariga no koku augstuma un audzes
vecuma. Jaunas audz@s ta lidzinas atklata lauka uz
zemes nonakuSajam slapekla daudzumam, tacu,
izejot cauri 30 gadu vecas ozolu audzes vainagiem,
uz zemes nonak 2-3 reizes lielaks slapekla
daudzums — ap 20-30 kg ha' N gada. Noteikts, ka
5-30% no slapekla, kas nonak uz zemes meza, tiek
izskalots no lapotnes, tacu zinamu dalu nokrisnos
esosa slapekla koki patére, uznemot to caur lapam un
skujam.

Vairakos pétijjumos (Tomaszewski, Boyce,
Sievering., 2003; Rosenqvist, Hansen et al., 2007)
noskaidrots, ka koki no depozicijas patéré pat Iidz
40% no tur esos$a minerala slapekla, un sis daudzums
sasniedz lidz 12 kg ha' N gada. Patérina kopapjoms
palielinas lidz ar audzes vecumu, tacu intensivaka
slapekla akumulacija lapotné novérota jaunakas
audzgs, palielinoties koku augstumam: laika no 4 lidz
18 gadiem p&c apmezosanas no atmosferas depozicijas
akumuléta slapekla daudzums palielinajies no 1 Iidz
11 kg ha' N gada. Savukart slapekla izskaloSanas
no augsnes praktiski nav atkariga no jaunaudzes
vecuma. P&c lauksaimniecibas zemju apmeZzZoSanas
nitratu saturs tidenos, kas izgajusi cauri saknu zonai
(60-90 cm), samazinas, tomér tas ir augstaks neka
nitratu no nostabiliz&jusas
ekosistémas. Ka nitratu izskaloSanas galvenie
indikatori Eiropas meza augsném tiek atziméta C:N
attieciba zemsedze, slapekla daudzums, kas nonak
no atmosfeéras, un slapekla saturs lapotné. Parasti
nitratu koncentracijas paaugstinasanas filtrata tiek
novérota, kad slapekla depozicija no atmosferas
gada parsniedz 15 kg ha' N. Péc pétjjumu datiem
(Rosenqvist, Hansen et al., 2007) slapekla bilance
apmezotajas  platibas (kopgja N  depozicija
minus N izskalosanas zudumi) veido no -7 lidz
31 kg ha! N gada. Tacu ta liela méra atkariga ari
no augsnes veida, granulometriska sastava, ka arl
auglibas ITmena un potenciala, kas uzkrats ieprieksgja
zemes izmantoSanas veida laika.

Péc lauksaimniecibas zemju apmezoSanas ar
laiku bitiski izmainas arT citu augu augsanai svarigu
elementu aprite, samazinas bazisko katjonu, 1pasi
kalcija, saturs, bet palielinas aluminija katjonu
koncentracija augsn€ un augsnes Skiduma. Bazisko
elementu Ca, Mg un K saturs koku nobiras ietekmé
augsnes reakciju, piesatinajuma pakapi ar bazém,
katjonu apmainas kapacitati un citas Tpasibas.
Ta, pieméram, izméginajuma Polija (Olszewska,
Smal, 2008) 16 gadus péc LIZ apmeZzoSanas
apmainas kalcija, magnija un kalija saturs augsné
samazinajies 2 reizes, apmaipas natrija saturs —
1.4 reizes, bet piesatinagjuma pakape ar bazém —

izskaloSanas meza
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5 reizes salidzinajuma ar So raditaju vertibam
neapmezotas augsnes aramkarta. Izmainas skarusas
ne tikai humusa akumulacijas horizontu, bet arT B
un C horizontus, kuros visstraujak samazinajies
apmainas kalcija saturs.

Somija  (Wall, 2005)  pétita
lauksaimnieciba apmezosanas
ietekme uz augu baribas elementu satura izmainam
un So vielu izplatibu pa augsnes horizontiem
salidzinajuma ar [idzas esoSo meza augsni. Autori
konstatgjusi, ka salidzino$i nesen (pirms 10 un ari
pirms 60—70 gadiem) apmeZotas augsnes O horizonts
satur bitiski vairak kopgja slapekla un ekstrahgjamo
augu baribas makro- un mikroelementu neka meza
augsne, ko vini skaidro ar ieprieksgja aramkarta
esoSo augu baribas elementu intensivaku uzkrasanos
augu masa, kas atmirstot veido O horizontu. P&c
apmezoSanas augsnes 40 cm slani slapekla, fosfora,
kalija, kalcija un magnija saturs ir bijis attiecigi par
64, 41, 83, 252 un 6% lielaks neka meza augsné.

Meza augsnés virsgjais organiskas vielas
horizonts ir bagataks ar augu baribas vielam neka
zem ta esoSie minerdlie horizonti, savukart ilgu
laiku péc apmezosanas bagataki ir augsnes 0—10 un
1020 cm slani, lai gan pakapeniski notiek arT
fosfora, kalija un kalcija translokacija uz dzilakiem
horizontiem. Izteiktakas augsnes TpaSibu izmainas
noverotas skujkoku audzes (Binkley, Valentine,
1991; Richter, Markewitz et al., 1994; Olszewska,
Smal, 2008). Lidz ar audzes vecumu viskrasak
samazindjies augsnes apmainas bazu saturs un
augsnes piesatinajuma pakape ar bazém. Hidrolitiska
skabuma galvenokart noverotas tikai
humusa akumulacijas horizonta. P&tnieki to skaidro
ar bazisko elementu mazaku ienesi augsné ar meza
nobiru organisko vielu, ka arT zudumiem, kas rodas,
kokiem patergjot Sos elementus, un arT ar pieaugoso
augsnes skabumu, kas izraisa bazisko katjonu
kustigumu un izskaloSanos apstaklos, kad augsné
notiekoSie dédésanas procesi nesp&j kompensét Sos
bazisko vielu zudumus. Katjonu apmainas kapacitate
apmezotajas augsnés izmainas ne tik izteikti, jo to
ietekm& augsnes organiskas vielas saturs augsné.
Ta ka organiska viela vairak uzkrajas augsnes
virskarta, tad arT apmainas kapacitate 11dz ar audzes
vecumu nedaudz palielinas plana virskartas slani,
savukart dzilak humusa akumulacijas horizonta
ta pakapeniski samazinas un ir pat zemaka neka
neapmezotas augsnes aramkarta. PEtjjumos secinats,
ka zemes izmantosSanas veida mainas ietekme ilgstosi
notiek arT daudzveidigas augsnes Tpasibu izmainas,
kamér ta ieglist meza ekosist€émai raksturigo
lidzsvaru.

Hytonen,
izmantotas zemes

izmainas
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Meza augsn@s Eiropa iepriekSmin&tas augsnes
kvalitates izmainas aktualiz€jas arl
pastiprinatu koksnes izmanto$anu energijas razo$anai
(Sverdrup, Rosen, 1998). Izstradajot mezu, tagad
tiek izvakta arT blakusprodukcija (zari, pamezs), ka
rezultata krasi samazinas organiskas vielas ienese
augsné. Ar koku atliekam tiek aizvakts liels daudzums
fosfora, kalija, kalcija, magnija u.c. elementu, kuru
zudumus nespgj kompens&t augsn€ notiekosie iezu
dedesanas procesi un depozicija no atmosferas. Péc
Federer un kolégu (Federer, Hornbeck et al., 1989)
aprékiniem, izvacot no meza visu koksnes masu, tiek
zaud@ti apméram 3% no Saja ekosisteéma esoSajiem
fosfora, kalija un magnija, ka arT 4-8% no slapekla
krajumiem. Tacu kalcija zudumi veido pat 13—-19%,
kas ir visai butiski, lai to nenemtu véra, ipasi, ja mezs
izvietots skabas, ar augu baribas vielam nabadzigas
augsnés. Veicot pétijumus, Reynolds un Stevens
(1998) aprekinajusi, ka kalcija iznese ar pamatkoksni
no 1 ha veido 79 kg Ca, bet, aizvacot arT zarus un
pargjas atliekas, ta sasniedz jau 197 kg. Samazinoties
bazisko katjonu daudzumam, §is augsnes paskabinas
un tajas aktualiz&jas kustiga aluminija toksiskums.
Noskaidrots (de Vries, Reinds, Vel, 2002), ka 30-39%
Eiropas meza augsnu augsnes reakcija ir zemaka par
pH 4.5, piesatinajuma pakape ar bazém — mazaka
par 25%, bet Al:(Ca+Mg+K) attieciba parsniedz
aluminija toksiskuma kritisko limeni.

Augsnes agrokimiskoTpasibu un auglibas izmainas
ir aktualas audzgjot atraudzigos kokus biomasas
ieguvei. Petfjumos (Andersohn, 1996; Mann, Tolbert,
2000; Adegbidi, Briggs etal.,2003; Kahle, Hildebrand
et al., 2007; Blanco-Canqui, Lal, 2009) konstatgts,
ka, audzgjot atraudzigos kokus, pazeminas augsnes
virskartas reakcija, t.i., augsne paskabinas, bet ar to
razu pastiprinati tiek iznests liels daudzums makro-
un mikroelementu, kas samazina augsnes auglibu
un produktivitati. Ka atzim&ts petijumos, iznese ar
izaudzeto koksni ir proporcionala biomasas ieguvei,
atskaitot augu baribas elementu masu, kas uzkrajas
ikgadgjas nobiras. Pirmaja audzesanas gada ta Iidzinas
iznesei ar lauka kultiraugu razu, bet nakamajos gados
ir mazaka.

Galvenie mikroorganismu dzivibas procesu
nodro§inasanai nepiecieSamie baribas elementu
resursi biomasas plantacijas veidojas no atmirusas
koku smalko saknu masas, kas =zinama méra
kompensé augsnes augu baribas elementu iznesi un
augsnes noplicinasanos. Tapat ka konvencionalaja
lauksaimnieciba, ar1 atraudzigo koku audz&Sanai
jaielabo augsne un jaregulé augu baribas elementu
aprite. Tapéc pastav augs$nu kalkoSanas un NPK

sakara ar
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méslojuma lietoSanas vajadziba. Mazak zinams par
mikroelementu vajadzibu, tomér atseviski petfjumi
rada, ka augsnés var veidoties bora nepietickamiba.

Virkne pétijumu (Heilman, Norby, 1998;
Moscatelli, Lagomarsino et al., 2008) liecina, ka
augu baribas elementu ienese augsné pozitivi ietekmé
koku biomasas veidoSanos, tacu janem vera arl tas,
ka méeslojuma lietoSana ietekmeé saknu izdalfjumu
kimisko sastavu, koku nobiru sastavu, augsnes
mikrobiologisko aktivitati un ar to saistitos procesus
augsné, un lidz ar to arT vielu apriti. Ta ka kokaugu
sp&jas izmantot augu baribas elementu resursus no
augsnes un méslojuma nav pietiekami izpétitas,
tad, stradajot bez zinatniski pamatotam méslosanas
rekomendacijam, tiek prognozgets paaugstinats vides
piesarnojuma risks ar nitratiem un virszemes noteci.

Latvija (Lazdipa, Lazdins, 2007) ieteicamas
méslosanas normas karklu plantacijas ierikosanas
gada ir: 100-200 kg N, 20—40 kg P un 100-200 kg K
uz | ha, ka arT tikpat katru reizi nakamaja pavasart p&c
karklu novaksanas. Citas publikacijas (Makeschin,
1994) noradits, ka prasmigi izvietotas un kultiv&tas
karklu, papelu un ozolu plantacijas var veicinat
organisko vielu akumulaciju augsné, palielinat tas
auglibu un samazinat augu baribas vielu izskaloSanos
un augsnes eroziju.

Audzgjot atraudzigos kokus, noverots biitisks
augsnes faunas un mikroorganismu dazadibas
un skaita palielingjums. Ari nitratu koncentracija
augsnes $kiduma salidzinajuma ar lauka kultGraugu
kultivéSanu var samazinaties, jo slapekli patéré ne
tikai koki, bet ari par¢ja virszemes vegetacija. Par
pozitivu ietekmi tiek uzskatita (Heilman, Norby,
1998; Jug, Hofmann-Schielle et al., 1999; Berthelot,
Ranger, Gelhaye, 2000; Vervaeke, Luyssaert et al.,
2003; Dimitriou, Aronsson, 2005; Gemste, Vucans,
2002; Lazdina, 2009) 1scirtmeta augu sp&ja izmantot
augu baribas elementus no dzilakiem augsnes
slaniem, augsta baribas elementu izmantoSanas
efektivitate, ka arT sp&ja attmrit augsni, akumul&jot
sevl smagos metalus un citas videi kaitigas vielas,
un tadgjadi kalpojot par biologisku filtru piesarnotas
platibas, notekiidenu dinu un citu lidzigu materialu
izmantoSanas vietas. Ta, piemé&ram, noskaidrots
(Vandenhove, Gooretal.,2002; Klang—Westin, Perttu,
2002; Klang—Westin, Eriksson, 2003), ka, audzgjot
karklus piesarnota augsné, to biomasa gada laika spgj
akumuléties 2.6 Iidz 16.5 g ha! kadmija un tadgjadi
arT iesp&jams samazinat radioaktiva piesarnojuma
[imeni. Tomér, tiek stingri uzsvérts (Jug, Rehfuess,
Hofmann-Schielle, 1999), ka, ierikojot Iscirtmeta
plantacijas lauksaimnieciba izmantojamas zemeés un
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1pasi transform@jot zalajus, notiek krasa So augsSnu
auglibas pasliktinasanas, ka arT pastav biitisks vides
piesarnojuma risks.

Energétisko augu kultivésanas ietekme uz augsni
var biit atSkiriga atkariba no ta, kadi augi tiek audzéti,
kadu zemes lietosanas veidu tie nomaina un arT kada
ir biomasas novakSanas intensitate. Ta, piem&ram,
atjaunojamas energijas iegiianai audzgjot kukuriizu,
graudaugus vai rapsi, no lauka tiek novakta loti liela
ieglitas biomasas dala un l1dz ar to arT ieveérojami tiek
iztukSotiaugsnes augu baribas vieluresursi. Pieméram,
novacot kukurizas zalo masu, bitiski samazinas
augsnes organisko vielu saturs, arT graudaugu salmu
aizvakSana no lauka negativi ietekm¢ trudvielu
bilanci, tacu, novacot rapsi — pat visu ta virszemes
dalu —, organisko vielu saturs augsné palielinas,
pateicoties rapsa lielajai saknu masai, tacu $is efekts
var nebiit ilglaicigs, ja rapSa blakusprodukcija tiek
izmantota bioenergijas razoSanai.

Viengadigo kultiraugu audzéSana prasa lielu
meésloSanas intensivu  pesticidu
lictoSanu, kas ietekmé vides kvalitati un biologiskas
daudzveidibas saglabasanu (Hallam, Anderson,
Buxton, 2001; Rowe, Street, Taylor, 2008; Blum,
Gerzabek et al, 2010). Audzgjot daudzgadigas
zales (piemé&ram, Miscanthus spp), to spéciga saknu
sistéma un saknu kimiska sastava specifika — lipidi,
steroli, brivas taukskabes un mazs slapekli saturosu
savienojumu TIpatsvars — bitiski uzlabo augsnes
fizikalas TpaSibas, jo veicina izturigas struktiiras
veidosanos. Tacu Sie kimiskie savienojumi pastiprina
augsnes hidrofobas ipasibas un [idz ar to izmaina vides
apstaklus augsnes mikroorganismiem, kas piedalas
augu baribas elementu aprites nodrosinasana. Pirmajos
gados péc plantacijas ierikosanas novérots relativi
augsts nitratu slapekla izskaloSanas risks (Christian,
Riche, 1998; Kahle, Beuch et al., 2001; Blanco-
Canqui, 2010). Alternativa Siem energgtiskajiem
augiem varetu biit dabiskie un daudzgadigie zalaji,
kas labi pieméroti regiona aug$nu un klimatiskajiem
apstakliem.

normu un art

Energétisko augu kultivéSanas
ekologiskie riski

Biomasas razoSanai paredz€to kultiraugu un
atraudzigo koku audzgSana saistita ar nepiecieSamibu
kapinat to produktivitati un paplaSinat ar tiem
aiznemtas zemes platibas. Ta ka izmantojamas zemes
platiba ir ierobezota, risinajums ir zemes lietoSanas
veida maina, tacu tas saistas ar attiecigaja ekosistema
esosa ekologiska lidzsvara izjauk$anu. Tapéc lidz ar
atjaunojamas energijas Tpatsvara palielinasanos tiek
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prognozéta daudzveidiga negativa ietekme uz vides
(augsnes, tdenu, atmosferas) kvalitati. Ekologiskie
riski vispirms tiek prognozgti tajas vietas, kur atrodas
mazak produktivi dabiskie mezi, degradétas zemes
platibas un arT tur, kur lauksaimnieciba izmantojama
zeme tiek transforméta par biomasas plantacijam.
Ka uzskata pétnieki, $adu transformaciju rezultata:
1) palielinas erozijas draudi un pasliktinas @idens
kvalitate; 2) izmainas Udens rezims, palielinas
virszemesnotece; 3) palielinas kimiskais piesarnojums
no mineralmésliem un pesticidiem; 4) notick augsnes
kvalitates un produktivitates degradésanas; 5) sakara
ar dabiskas ekosistémas parveidosanu, t.i., ievieSot
atraudzigo koku monokultiiras un izmantojot jaunas
vietgjiem apstakliem nepiemérotas un nesaderigas
augu sugas, samazinas biologiska daudzveidiba
(Perlack, Wright et al., 1995; Borjesson, 1999;
Pimentel, 2004; Reijnders, 2006; Dimitriou, Baum et
al., 2009; Han, King et al., 2011).

Augsnes erozija ir viens no galvenajiem augsnes
degradacijas veidiem, kas rada ilglaicigu augsnes
produktivitates samazinaSanos vai tas pilnigu
iznicinasanu. Erozijas procesu attistibu ietekmé
augsnes TpaSibas, ka, pieméram, tdens infiltracijas
spgja, topografija, nogazes garums un
slipums, nokrisnu daudzums, ilgums un intensitate,
ka ari vegetacijas ipatnibas. Tiek uzsvérts (Lal,
1998), ka augsnes masas zudumiem, kas radusies
erozijas rezultata, vajadz&tu bt Iidzsvara ar augsnes
veidoSanas procesos notiekoSo iezu deédésanas
apjomu. Tacu atSkiriba, piem&ram, no augsnes
organisko vielu satura izmainam, erozija augsnes
kvalitati var izmainit Joti Tsa laika. Ta, izméginajuma
pec pilnigas koku biomasas novakSanas novérots
(Yanai, 1998) nonesto sedimentu daudzuma
pieaugums lidz pat 100 kg ha! gada salidzinajuma ar
16 kg ha' gada kontroles varianta, kur koki
netika novakti. Ar konstat€to erozijas picaugumu
proporcionali izmainijies arT parvietota augsnes
fosfora daudzums. Ka atzist vairaki pétnieki
(Thornton, Joslin et al., 1998; Kort, Collins, Ditsch,
1998; Lal, 1998; Mann, Tolbert, 2000), atraudzigo
kokaugu kultivésana ir viens no augsnes eroziju
veicinoSiem faktoriem, 1pasi stadijumu ierikoSanas
un ieaudzeSanas perioda. Atkariba no klimatiskajiem
apstakliem, augsnes Tpasibam un audz&to augu tipa,
augsnes virskartas masas zudumi var lidzinaties
erozijas apjomam, kads rodas, audzgjot ruSinamaugus.
Tacu ar laiku tas pakapeniski samazinas — kad koki
sazarojas un lapotne aizkave lietus pilienu iedarbibu
uz augsnes virskartu, un kad izveidojas nobiru slanis,
kas mazina nokrisnu un vgja iedarbibu. Konstatéts
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(Riksen, Brouwer, de Graff, 2003; Pimentel, 2004),
ka erozijas apmérs var divkarSoties, ja, novacot
biomasu, organiskas atlickas tiek aizvaktas vai
sadedzinatas. Erozijas rezultatd nonestais augsnes
virskartas slanis ne tikai pazemina augsnes auglibu,
bet nonak un izgulsngjas tidenstilpg&s, tas piesarnojot
ar biogeniem elementiem, savukart tdeni, kas
parvieto augsni, $kidina taja eso$os savienojumus, ka
rezultata $ada virszemes notec€ noverotas palielinatas
kalija, amonija un nitrata jonu koncentracijas, ka art
paaugstinats organiska un kopé&ja slapekla saturs
(Rosen, Aronson, Eriksson, 1996).
Atraudzigo  biomasas  kokaugu
lauksaimnieciba izmantotajas zem@es stipri ietekmé&
augsnes fizikalas Ipasibas un fidens rezimu. Viens no
faktoriem, kas izraisa negativas parmainas, ir augsnes
sablivéSanas. Stadijumu ierikoSanas, apkopes un
biomasas novak$anas tehnologiju un mehanismu
darbibas rezultata palielinas augsnes tilpummasa,
samazinas porainiba, pasliktinas idens infiltracija, tieck
ardita augsnes struktlira, pavajinas struktiiragregatu
stabilitate, samazinas augsnes Udens caurlaidiba
un ddensietilpiba un lidz ar to palielinas tdens
erozijas risks (Mann, Tolbert, 2000; Souch, Martin
et al.,, 2004). Augsnes sablivésana, ko paaugstinata
augsnes mitruma apstaklos izraisa smagas tehnikas
parvietosanas, krasi palielina augsnes Tpasibu
izplatibas nevienmé&ribu un ievEérojami samazina
augsnes auglibu (Mitchell, Stevens, Watters, 1999).
Augsnes, idenu un atmosféras piesarnojums no
kimizacijas lidzekliem — dazada veida pesticidiem un
mineralmé&sliem, notektideniem, notekiidenu diinam,
ripniecibas atkritumiem u.c. produktiem, ko lieto
energétisko augu produktivitates paaugstinasanai,
—tieck uzskatits par bitisku augsnes ilgtsp&jigas
izmantoanas limitgjosu faktoru. So pasakumu
negativo ietekmi var raksturot dazados aspektos.
MésloSanas lidzeklu lietoSanas 1patnibas.
Veicot petijumus un aprekinus, tiek prognozéets (Park,
Yanai et al., 2005; Blum, Gerzabek et al., 2010;
Han, King et al., 2011), ka lidz ar energgtisko augu
kultivésanas paplasinasanos no 2 lidz pat 10 reizém
pieaugs augu baribas elementu iznese no augsnes.
Dalu izneses paredzéts kompensét ar bioenergijas
razosanas atkritumos (digestats, pelni u.c.) esoso
baribas elementu atgrieSanu biologiskaja aprité.
Tomér nedrikst aizmirst, ka, pieméram, sadedzinot
salmus, ztd lidz pat 98—100% slapekla, 70-92% séra,
ka art 20-40% fosfora un kalija Tap&c ir skaidrs, ka
konkuretspg&jigas razas ieglisanai bils jaizmanto liels
daudzums meslosanas Iidzeklu. Noskaidrots, ka
atkariba no planotas biomasas augu produktivitates
un zemes lictoSanas veida mainas mineralméslu
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patérins var palielinaties 2—5.5 reizes. Augu baribas
elementu izmanto$anas no mineralmésliem joprojam
ir zema — tikai ap 30% N, 20% P,O, un 60% K,O.
Tapéc to neizmantotd dala atbilstoSos augsnes un
klimatiskajos apstaklos var atstat biologisko apriti un
radit vides piesarnojumu: neizmantotais slapeklis gan
amonjaka veida, gan oksidu veida emité atmosfera
un izskalojas nitratu veida, bet fosfora savienojumi
aizskalojas ar virszemes noteci. Savukart notektidenu
dinu un dazadu riipniecibas atkritumu izmanto$ana
méslosanai saistita ar augsnes piesarnoSanu ar
smagajiem metaliem u.c. kaitigiem savienojumiem.
Lai gan atraudzigie koki veic So vielu bioekstrakciju
no augsnes, atgriezot taja biomasas pelnus, no kuriem
kaitigas vielas nav izdalitas, to akumulacija augsné
pastiprinas, un tas var radit neatgriezeniskas augsnes
kvalitates izmainas (Perttu, Kowalik, 1997; Van-
Camp, Bujarrabal et al., 2004).

Siltumnicas efektu izraisoSo gazu emisija.
Daudzos pétijumos Eiropa un citur (Henault, Devis
et al., 1998; Hellebrand, Kern, Scholz, 2003; 2008;
Bouwman, van Grinsven, Eickhout, 2010) skaidrota
slapekla oksida N,O emisija, kura veidojas, audz&jot
energétiskos augus, tai skaita atraudzigos karklus
un papeles. Augstu biomasas razu iegiiSanai lieto
ievérojamas N meslojuma normas, augsné veidojas
denitrifikaciju veicinosiapstakli, rodas dazadislapekla
gazveida savienojumi, tai skaita N,O, kura emisija
pavasari péc méslojuma iestrades veido ap 0.1 mg m™
stunda. Ja nem véra, ka N O ietekme uz siltumnicas
efekta izraisiSanu ir 298 reizes specigaka neka CO,
emisijas ietekme, tad denitrifikaciju veicinosi apstakli
augsné var bitiski ietekm&t globalas sasilSanas
procesus (Mulvaney, Khan, Mulvaney, 1997; Blum,
Gerzabek et al., 2010). Tiesi zemes lictoSanas veida
maina izraisa augsnes organisko vielu pastiprinatu
mineralizaciju. Tas rezultata rodas ne tikai oglekla
dioksids, bet arT slapekla savienojumi, kas potenciali
var k]it par visai nozimigu N,O avotu. Energetisko
augu kultivéSana tikai ilgstosaka laika perioda,
palielinoties
mazinat siltumnicas efektu izraiso$o gazu emisijas
apmérus (Hiederer, Ramos et al., 2010).

Nitratu izskaloSanas. Danija, kultivgjot karklus
biodegvielas razoSanai, izméginajumos noskaidrots,
ka stadiSanas gada dodot 38 kg ha' N, nitratu
izskalo$anas zudumi bija ap 150 kg ha' N gada,
taCu audz€Sanas otraja un tre$aja gada, ar méslojumu
iestradajot jau 75 kg ha' N, zudumi iev@rojami
samazinajas (Mortensen, Nielsen, Jorgenson, 1998).
Lidzigi rezultati iegiiti lizimetru eksperimentos
Zviedrija (Aronsson, Bergstrom, 2001; Dimitriou,
Aronsson, 2004), kur izméginajumos Iiscirtmeta

organisko vielu akumulacijai, var
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plantacijas stadiSanas gada izmantota slapekla norma
arnotekiideniem bija sasniegusi pat 320 kg ha' N. Tika
konstatéts, ka pirmaja gada smilts un mala augsnés
nitratu zudumi sasniedza attiecigi 140 un 341 kg ha’!
N gada, bet turpmakajos divos gados nitratu zudumi
bija mazaki un neparsniedza 50 kg ha! gada. Nelieli
bijusi arT amonija un organiska slapekla savienojumu
izskalo$anas zudumi — tikai ap 10 kg ha' N.

Secinajumi

Eiropas Parlaments ir atzinis (Zinojums ...,
2007), ka raziga lauksaimniecibas zeme gan cilvéka
darbibas, gan ari dabisku c€lonu rezultata kltst par
aizvien vairak sartikoSu pasaules dabas resursu.
Tadel, lai saglabatu augsnes vertigas T1pasibas,
javeic pasakumi un jaievieS metodes ilgtspgjigai
saimnickoSanai. Zemes lictoSanas veida maina ir
viens no faktoriem, kas izjauc ekosistéma pastavoso
lidzsvaru un izraisa daudzu nev€lamu procesu
attistibu, kuru rezultata augsne vairs nespgj pilniba
veikt savas funkcijas. Ir veikts daudz pétfjumu, lai
skaidrotu zemes izmantoSanas veida transformacijas
ietekmi uz augsnes kvalitati, tacu iegiitie rezultati
nesniedz viennozimigu skaidrojumu. Augsnu un to
veidoSanas apstaklu daudzveidiba, kas novérojama
jaunelielateritorija, prasa izverst augsnes noveérojumu
un pétijumu spektru. Lai var€tu prognozet augsnes
kvalitates izmainas, nedrikst aprobezoties ar atsevisku
tas auglibas parametru kontroli. ES Tematiska
strat€gija augsnes aizsardzibai paredz nepiecieSamibu
uzlabot augs$nu pétijumus un stavokla monitoringu,
uzkrat jaunu bitisku zinatnisku informaciju, lai labak
izprastu saikni starp augsnes Ipasibam saistiba ar
augsnes degradaciju, klimata parmainam, biologisko
daudzveidibu, partuksnesos$anos, eroziju un citiem
riskiem.
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Auzenairenu un hibrido airenu produktivitati noteicoSie faktori
Factors Influencing xFestulolium and Lolium xBoucheanum
Sward Productivity

Iveta Giitmane, Aleksandrs Adamovics
LLU Agrobiotehnologijas institits
Institute of Agrobiotechnology, LLU
e-mail: gutmane.i@gmail.com; Aleksandrs.Adamovics@llu.lv

Abstract. New hybrid grasses have been introduced in Latvia recently. Hybrid ryegrass (Lolium>*boucheanum
Kunth.), considered an ideal grass for European agriculture, is not sufficiently robust to meet many of
environmental challenges that face extensive agriculture in less favoured areas. New opportunities for forage
production using intergeneric hybrids between more distantly related ryegrass and fescue species have been
identified. Diversity of factors controlling festulolium ( X Festulolium Asch.&Graebn.) productivity is discussed
in many researches. Using intergeneric hybrids, the identification of major factors controlling productivity and
feeding value is complicated because of the numerous traits characteristic of their progenitor species. Parental
species traits and potential of intergeneric hybrids have been investigated to determine the main factors that
influence grass growth and quality, such as nitrogen fertilization, grazing and cutting management, climatic
factors and sward age. The importance and potential of new grass species have been analysed. The main target
for introgression has been the introduction of biotic and abiotic stress tolerance from Festuca spp. into Lolium
spp. Festulolium can show completely novel characteristics, but mostly they are expressed intermediarily.
Some varieties are more like ryegrass and some more like fescue, depending on the breeding effort following
the cross. Cultivars of festulolium are promising species of fodder grasses in Latvia. Due to its competitive
productivity festulolium may be equally ranked with the main forage grasses such as meadow fescue grown in
the climatic zone of Latvia.

Key words: xFestulolium, Lolium>boucheanum, productivity.

Ievads

Daudzgadigie zalaugi Latvijas lauku saimniecibas
ir galvenais un l&takais lopbaribas avots visa gada
vajadzibam. Zalaju zelmenu produktiva ilggadiba
nodro§ina daudzgadigu un stabilu lopkopibas
produktu razoSanu mazak labveligos klimatiskos
apstaklos, samazinot razoSanas izmaksas un taupot
resursus. So mérku sasniegSanai katra regiona
nepieciesams izmantot vietSjiem augSanas un
klimatiskajiem apstakliem atbilstoSas sugas un
Skirnes. Genétiku un selekcionaru pétijumos liela
uzmaniba tiek pieversta starpsugu un starpginsu
hibridu veidoSanai, kombingjot atskirigas augu
prasibas un iesp&jas. Peéc daudzu zinatnieku domam
tuvaka nakotné Joti nozimigu vietu Eiropas lopbaribas
razo$anas sistémas ienems jauna suga — auzenairene
(Adamovics, Koulakovskaja, 2003).

Auzenairenes (*Festulolium Asch.&Graebn.) ir
jauna un maz pétita zalaugu suga ne tikai Latvija, bet
ar1 Eiropa un pasaulg, tapec p&tijumu par auzenairenu
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produktivitates veidosanos ir maz. Latvija vienigos
petfjumus par auzenairenu sausnas razu un kvalitati
veikusi selekcionari LLU agenttra ,,Zemkopibas
zinatniskais instittits”. Tas ir nepietiekami, lai spriestu
par auzenairenu un hibrido airenu produktivitates
veidoSanas  noteicoSajiem  faktoriem,  tapéc
nepiecieSams apkopot un izmantot ari citas valstis
giito pieredzi.

Darba bija  analizét  Eiropas
valstu — Cehijas, Danijas, Francijas, Igaunijas,
Irijas, Latvijas, Lielbritanijas, Lietuvas, Polijas,
Serbijas, Slovakijas, Vacijas, ka arT ASV veikto
petljumu rezultatus par auzenairenu un hibrido
airenu izmantoS$anas iesp&jam augstrazigu zalaju
zelmenu ierikosanai lopbaribas un s¢klu ieguveli,
apkopot informaciju par auzepairenu un hibrido
airenu selekcijas mérkiem, Skirnpu piemerotibu
daudzgadigu zalaju zelmenu
galvenajiem to razibu un kvalitati ietekm&joSiem
faktoriem.

mérkis

izveidoSana un
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Auzenairenu un hibrido airenu selekcijas
mérkis un to saimnieciski biologiskais
raksturojums

Pirmais lielakais projekts Eiropa, kas veltits,
lai izp@titu augu attisttbu un piem&rotibu dazadam
stresa situacijam ar meérki ieglt izturigus un
daudzgadigus augus, ir SAGES (Sustainable
Grasslands Withstanding Environmental Stresses)
koncerna zinatniskais projekts (2001-2003). Projekta
mekis bija analiz€t merenas klimata zonas zalaugu
sausumizturibas un ziemcietibas gengtiskos aspektus.
Tas panakts, parvietojot augu izturibu nodrosinosos
génus no auzeném uz aireném, izmantojot un
attistot jaunakas selekcijas metodes. Projektu
realiz€ja daudzu specialita§u zinatnieki — gengtiki,
selekcionari, fiziologi, agrokimiki (Adamovics,
Koulakovskaja, 2003). SAGES projekts deva jaunas
iesp€jas airenu tipa skirnu izveidei ar plasu izturibas
spektru stresa situacijas. Jauno uzlaboto Skirnu
izmanto$anas mérkis bija samazinat izdevumus, kuri
rodas, biezi pars€jot augstrazigas, bet neizturigas
airenes. Vienlaicigi, samazinot augsnes apstrades
biezumu, mazaks bija arT lauksaimniecibas
tehnikas vidi degradgjosais faktors (Humphreys,
Tomas et al., 2002).

Eiropa no plasa stiebrzalu klasta visnozimigako
ienem airenes (Lolium), Kkas izcelas ar
produktivitati un lopbaribas kvalitati. Visvairak
izmantotas sugas ir ganibu airene un daudzziedu
airene.  Aireném  raksturiga attistiba,
augsts razigums, ka ari loti laba lopbaribas
kvalitate. Tomér vairak tas piemé&rotas intensivai
izmantoSanai un maigiem klimatiskajiem
apstakliem. Auzenu (Festuca) gints ir plasi
izplatita dazados pasaules klimatiskajos regionos,
taja skaita Ziemeleiropa. Lauksaimnieciba biezak
izmantotas sugas auzene un niedru
auzene, bet sarkana auzene un aitu auzene aizvien
plasak tiek s€tas apzalumoSanas vajadzibam.
Savukart auzenes izcelas ar ilggadibu, labu
ziemcietibu,  izturibu  pret  slimtbam  un
nelabvéligiem klimatiskajiem apstakliem, tas ir
razigas, bet baribas kvalitates zina tomér nav tik
vertigas ka airenes (Thomas, Morgan, Humphreys,
2003).

Gan daudzziedu airene (Lolium multiflorum Lam.
ssp. italicum A.Braun) un ganibu airene (Lolium
perenne L.), gan plavas auzene (Festuca pratensis

vietu

atra

ir plavas

Huds.) un niedru auzene (Festuca arundinacea
Schreber) ir nozimigi daudzgadigie augi. Tam visam
piemit no agronomiska un lopkopibas viedokla

atSkirigas 1pasibas, tacu neviens no Siem zalaugiem
nesatur visas $1s 1pasibas kopuma. SAGES projekta
tika izstradata tabula par airenu un auzenu savstarpeji
papildinamo Tpasibu kopumu atbilstosi Rietumeiropas
klimatiskajiem apstakliem. Taja ieklauta arT niedru
auzenes varietdte Festuca arundinacea Schreb.
var. glaucescens Boiss., ko selekcija izmanto, lai
uzlabotu airenu sausumizturibu. Cehijas auzenairenu
selekcionari to piemérojusi atbilstosi Centraleiropas
klimatiskajiem apstakliem (1. tabula).

Hibrido aireni (Loliumxboucheanum Kunth.)
syn. (Lolium>hybridum Hausskn.) selekcionari ir
veidojusi, krustojot ganibu aireni
aireni. Hibrida airene ir ka starpposms starp
ganibu aireni un daudzziedu aireni gan augSanas
parametru, gan raziguma, gan ari izturiguma zina.
A1l temperatliras, mitruma un augsnes prasibu
zina hibrida airene atrodas starp daudzziedu un
ganibu aireni (Breese, Thomas, 1978; Nekrosas,
Sliesaravicus, 2002). Eiropa ta ir jau sen pazistams
un plasi izplatits kultiraugs, tacu Latvija ir maz
pétita un maz pazistama. Hibridas airenes galvena
prieksrociba ir tas laba ziemcietiba salidzinajuma
ar daudzziedu aireni un lielaka raza salidzinajuma
ar ganibu aireni. Hibridas airenes lopbaribai piemit
laba sagremojamiba un kvalitate, un majdzivnieki to
labprat &d. Izmantosanas daudzveidiba gan ganibam,
gan lopbaribas iegiiSanai, ka arT apvienotais Ipasibu
kopums palielina hibridas airenes skirnu pielietoSanas
Tpatsvaru, salidzinot ar citam airenu sugam (Thomas,
Humphreys, 1991).

Baltijas  klimatiskajos  apstaklos  galvena
hibridas airenes izmantoSanas probléma var€tu bt
tas ziemcietiba, lidz ar to ari noturiba zelmeni un
samazinata raziba. Lietuvas Zemkopibas institiita
veidotie L.multiflorum*L.perenne hibridi izcelas
ar loti atru ataugSanu pavasarl un péc plausanas,
ka arT razigumu. Razibas zina hibridas airenes
sausnas raza ir Iidzvertiga ganibu airenes un plavas
auzenes sausnas razai, bet ataug$ana péc plaujas ta
parspgj ganibu aireni. Savukart ziemcietibas zina
hibrida airene ievérojami atpalieck gan no plavas
auzenes, gan vietéjas ganibu airenes (Nekrosas,
Sliesaravicus, 2002).

Auzenairene (*xFestulolium Asch.&Graebn.)
ir jauns kultiraugs gan Latvija, gan citas pasaules
valstls. Par auzenpaireném uzskata hibridus starp
auzenu gints un airenu gints sugam (ES Direktiva
2009/74/EK no 26/06/2009)'. Festuca un Lolium
ginsu tuvas radniecibas d&| starpgin$u hibridu
veidodanas savvala ir novérota jau sen (Siffelova,

ar daudzziedu

1Komisijas Direktiva 2009/74/EK (2009. gada 26. junijs): http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:
2009:166:0040:01:LV:HTML — Resurss aprakstits 2011. gada 20. aprili.
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1. tabula / Table 1

Airenu un auzenu savstarpéji papildinamo ipasibu kopums
Complementary traits in the Festuca—Lolium complex
(Cernoch, Houdek, Capka, 2004)

= . Festuca Festuca F. arundinacea Lolium Lolium
Ipasiba / Trait . . .
pratensis arundinacea var. glaucescens  multiflorum  perenne

Zelmena izveidosanas
atrums / Speed of sward ++ ++ + -+ +++
establishment
AugsSanas atrums agra
pavasari / Earliness of +++ ++++ ++ ++++ +++
spring growth
Augsanas intensitate
vasara / Summer growth +++ +++ + -+ +++
potential

remojami
Sa.lg emoja ba/ -+ ++ + o+ +++
Digestibility
Zl?mCIthba./ ++++ +++ +++ + ++
Winter hardiness
Sausumlztur.Tba / ++ ++++ ++++ + ++
Drought resistance
Noturiba zelmeni / — . e N i

Persistency

+ —Ipasiba izteikta vaji / trait is poorly expressed
++++ —1pasiba izteikta Joti labi / trait is well expressed

Pavelkova et al., 1997; Bérzins, Bamane, Stesele,
2006). So tuvo radniecibu apstiprina arf saméra viegla
auzenu-—airenu hibridu veidosana. Tas dod daudzpusigas
iespgjas tadu jaunu hibridu selekcija, kuri nodroSinatu
misdienigai lauksaimniecibai piemérotu skirnu izveidi
(Thomas, Morgan, Humphreys, 2003).

Galvena auzenaireném (*XFestulolium) izvirzita
prasiba ir aireném lidzvertigs razigums un kvalitate,
kas apvienoti ar auzeném piemitoSo biotisko un
abiotisko faktoru izturibu, ka sausumizturiba,
izturiba pret augstam un zemam temperatiiram,
izturiba pret slimibam (Sliesaravicius, 1997,
Humphreys, 1997, Humphreys, Turner et al., 2003).
Ziemcietiba ir Tpasibu kopums (ne tikai salcietiba),
lidz ar to selekcija Sai auzenairenu ipaSibai tiek
pieveérsta 1pasa uzmaniba (Eagles, Fuller, 1982).
Auzenairenu selekcija Centraleiropa galvenokart
virzita uz auzenu kvalitates uzlaboSanu, turpretim
Rietumeiropa — uz airenu izturibas uzlaboSanu.
Pedgjie selekcijas meginajumi ir arl apzalumosanai
piemérotu skirnu izveide (Cernoch, Houdek,
Capka, 2004).

Lai arT auzenaireném nav tik laba baribas kvalitate
ka airen@m (taja skaita ar1 hibridai airenei), tomér
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to izturigums, ziemcietiba un Iidz ar to salidzinosi
augstais razigums ir véra nemami faktori. Savas
kvalitates un konkur€tspgjigas produktivitates del
auzenairenes var ienemt Iidzvertigu vietu starp Sis
klimata zonas pamatstiebrzalém — timotinu un plavas
auzeni (Gutmane, Adamovich, 2007).

Auzenairenu Skirnpu daudzveidiba wun
klasifikacijas problémas

Plasi petfjumi par hibridu veidosanu starp plavas
auzeni un daudzziedu vai ganibu aireni tiek veikti jau
vairakus gadu desmitus. Sie hibridi izcelas ar labu
ataugSanas sp&ju un labu aplapojumu un produktivitati
(Zwierzykowski, Joks, Naganowska, 1993; Fojtik,
1994). Viena no galvenajam problémam selekcija
ir iegito hibridu sterilitate, ka ar to genctiska
nestabilitate (Thomas, Humphreys, 1991; Bérzins,
Bumane, Stesele, 2006).

Labs piemérs, ka hibridizacija apvienot un
papildinat divu gin$u pozitivas ipasibas, ir krustojumi
starp daudzziedu aireni un niedru auzeni. Daudzziedu
airenei ir laba raziba un lopbaribas kvalitate, savukart
auzenei raksturiga labi attistita saknu sistéma,
kas nodroSina augu izturibu. Ta labak pielagojas
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sausumam un aukstumam (Humphreys, 1997).
Sakotngji (L. multiflorum=F. arundinacea) selekcija
bija paredzets uzlabot niedru auzenes ataugSanas
sp&jas un velak pilnveidot arT tas lopbaribas
kvalitati. Izmantojot selekcija niedru auzeni, biitiska
probléma ir hibridu sterilitate, ka arT gritibas izveidot
stabilu Skirni (Humphrey, Turner et al.,, 2003;
Bérzins, Bamane, Stesele, 2006). Pirma registréta
auzenairenes Skirne ‘Kenhy’ ir niedru auzenes un
daudzziedu airenes hibrids, kura lopbaribas kvalitate
ir labaka neka niedru auzenei (Buckner, Burrus,
Bush, 1977).

Petjumu par niedru
F arundinacea var. glaucescens
hibridizacija ir salidzino$i mazak, un tie uzsakti
vélak. Lai uzlabotu sausumizturibu,
SAGES projekta ietvaros ir veikti izm&ginajumi
L. multiflorumXF. arundinacea var. glaucescens
hibridu selekcija (Ghesquiere, Barre et al., 2002).
Ja selekcija lopbaribas
uzlaboSanu, tad Sadiem hibridiem noverots lielaks
dzinumu skaits, bet zemaka noturiba zelmeni, un
Sie hibridi vairak lidzinas aireném (Ghesquiere,
Emile et al., 1996).

Tiek veikti méginajumi hibridizacija
izmantot arT milzu auzeni (Festuca gigantea (L.)
Villars), lai uzlabotu niedru auzenes kvalitates
raditajus, — iegltas starpsugu formas talak tiek
izmantotas auzenairenu selekcija (Buckner, Webster
et al., 1978; Thomass, Humphreys, 1991; Bérzins,
Bumane, Stesele, 2006).

varietates
izmantoSanu

auzenes

airenu

veérsta uz kvalitates

Festuca ssp.xLolium ssp. hibridiem, atkariba
no selekcionaru izvirzitajiem meérkiem, var

but dazadu sugu T1pasSibu parsvars. Tas var
atskirties  raziguma, s€klu  produktivitates,
baribas kvalitates, sagremojamibas zina, ka

arl izturiba pret slimibam un nelabvéligiem
klimatiskajiem apstakliem un ar1 citu 1pasSibu zina
(Zwierzykowsky, Naganowska, Kalinowski, 1996;
Thomas, Humphreys, 1991; Hahn, Schoberlein,
1999).

Sakara ar dazadajiem hibridu veidoSanas
variantiem, auzenairenes atSkiras morfologiski.
Krustojumiem starp niedru auzeni un daudzziedu
aireni ir morfologiski krasi at8kirigas Skirnes.
Literattra tiek nodaliti
tips (Loloid type) ar ziedkopu — varpu — un
auzenu tips (Festucoid type) ar ziedkopu — skaru
(Cernoch, Houdek, Capka, 2004; Banzhaf, Opitz
von Boberfeld, 2005). Tas rada problémas §1
kulttrauga salidzinagjumos un Skirpu registracija,
ka arT latinisko nosaukumu  pieméroSana.
Probléemas taksonomija rodas ari tad, kad
hibridu vecaku formas iegilitas gara starpsugu
krustosanas cela (Siffelova, Pavelkova et al.,
1997). Atbilstosi Eiropas Ekonomiskas Kopienas
reglament&joso dokumentu prasibam (Direktiva
90/654/EEC no 17/12/1990) (Beguier, 2002),
daudzas Eiropas valstls lidz 2004. gadam par
Festulolium  tika  registréti  tikai  hibridi
starp daudzziedu aireni un plavas auzeni
(L. multiflorum=F. pratensis).

auzenaireném airenu

SAGES zinatniskaja projekta starpginsu hibridiem, kuru veido$anas novérojama savvala, tika lietota

sada klasifikacija:

vecaku formas

F pratensisxL. perenne:

F. pratensis XL. multiflorum:

F arundinaceaxL. perenne:

To papildina starpginsu selekcija iegtie hibridi:

vecaku formas

F. giganteaxL. perenne:

F. arundinaceaxL. multiflorum:

starpgin$u hibrids

xFestulolium loliaceum (Huds.) P. Fourn.
xFestulolium braunii (K.Richter) A. Camus
xFestulolium holmbergii (Doerfler) P. Fourn.

starpgin$u hibrids

xFestulolium brinkmannii (A.Br.) Aschers.et Graebn.
xFestulolium pabulare

Terminu ,, XFestulolium pabulare” ierosinajusi G. Wackers, K. Netzbans un H. Kaltofens 1984. gada

(Hahn, Schoberlein, 1999).

Lai uzlabotu situaciju, SAGES zinatniska
projekta konsorcijs noléma izvirzit vienotu definiciju,
kura par Festulolium tiktu atziti visi augi, kas iegti
hibridizacijas procesa starp jebkuru no Lolium un
Festuca sugam.

Pasreiz atbilstosi ES Direktivai 2004/55/EK?
visi hibridi, kuri iegtti, krustojot Festuca gints

sugas ar Lolium gints sugam ir (*xFestulolium)
(Festuca spp.*Lolium spp.), tiek ieklauti kataloga
ka auzepairenes, papildus tiem noradot vecaku
formas. P&dgjas izmainas ES direktiva tika veiktas
2009. gada, lai pilnveidotu
(% Festulolium Asch.&Graebn.) lattnisko nosaukumu
(Direktiva 2009/74/EK 2009. gada 26. jinija).

auzenairenes

2 Komisijas Direktiva 2004/55/EK (2004. gada 20.aprilis): http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=DD:0
3:44:32004L0055:LV:PDF — Resurss aprakstits 2011. gada 20. aprili
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Starpgins$u un starpsugu
hibridu produktivitati un razas
kvalitati veidoSanos ietekméjoSie
agrobiocenologiskie faktori

Stiebrzalu produktivitati un razas kvalitati
ieteckmé daudzi faktori — augsnes augliba,
méslojums, mitruma un temperatiiras rezims,
ka arT izmantoSanas veids un intensitate. Pie

tam tie ieverojami mainas
pastavésanas laika gaita.

komplekss raksturlielums, ko nosaka Skirnes

zalaju zelmena
Sausnas raza ir
genétiskais potencials un ta izpausme dazados
argjas vides apstak]os. Stiebrzalu produktivitati
butiski ietekm@ tadi $kirnu biometriskie parametri
ka augu garums un dzinumu skaits, aplapojums
un agrinums.

2. tabula / Table 2

Auzenairenes, ganibu airenes un plavas auzenes sausnas raZa, t ha’'
Dry matter yield of festulolium, perennial ryegrass and meadow fescue, t ha™

Sausnas raza / Dry matter yield,

t ha'!
Suga / L'1etuva'/ Lietuva / Polija /
. Lithuania . . Poland
Species . Lithuania
(Paplauskiene, N (Kryszak,
. (Nekrosas, L
NekroSas, ~  griecaravicus, 2002) ~ Domafski,
Sliesaravicus, 1999) ’ Joks, 2002)
Auzenairene (airenu tips)
xFestulolium Asch. & Graebn. 12.9 12.9 14.5
(Loloid type)
Plavas auzene
Festuca pratensis Huds. 3 109 1.2
Ganbu airene 10.3 9.9 14.3
Lolium perenne L.
Hibrida airene B 93 B

Lolium>xboucheanum Kunth.

3. tabula / Table 3

Auzenairenes, plavas auzenes, ganibu airenes un niedru auzenes sausnas raza, t ha’!
Dry matter yield of festulolium, meadow fescue perennial ryegrass and tall fescue, t ha™!

Sausnas raza / Dry matter yield,

tha'
Suga / Skirne / Latvija / Cehija / Slovakija /
Species Variety Latvia Czechia Slovakia
(Bérzins, Jansone  (Cernoch, Houdek, (Gaborcik,
u.c., 2002) Capka, 2004) Ilavska, 2006)

Niedru auzene Baltika 8.9 - -
Festuca arundinacea
Schreber Kora _ 15.2 12.4
Auzenairene (auzenu tips) Felina 8.3 16.2 11.8
xFestulolium Asch. &
Graebn. (Festucoid type) Hykor — 16.2 12.7
Auzenairene (airenu tips) Perun - 9.8 -
xFestulolium Asch. Saikava 7.5 - -
&Graebn. (Loloid type) Lofa _ _ 6.4
Plavas auzene
Festuca pratensis Huds. Arita 7.6 - -
Ganibu airene Mustang - 8.9 -
Lolium perenne L. Spidola 6.7 - -
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Dazadas Eiropas valstls veiktiem stiebrzalu
produktivitates pétijumiem ir atskirigs izméginajumu

gadu skaits
izméginajumu
Tas nelayj

nav

un agrofons un dazos pétjumos
metodika
savstarpgji

konkretizéeta.

salidzinat sasunas razu

un tas kvalitates raditajus. Miusu mekis bija
paradit, kada seciba sarindojas auzenairenu
Skirnes un to selekcija izmantotas  sugas

razibas un kvalitates zina katra valsti, konkréta

izm&ginajuma.

Skirnes nozime

Vairuma gadfjumu auzenpairenes raziba tiek
salidzinata ar ganibu airenes, plavas auzenes vai
niedru auzenes razu. Lietuva un Polija veiktajos

izméginajumos auzenairenes vidéja sausnas raZa ir
lielaka ne tikai par ganibu airenes, bet arT par plavas
auzenes razu (2. tabula).

Ir maz literatiiras datu par auzenairenu Skirpu
razibas savstarpgjiem salidzinajumiem. Tomér tajos
ir konstatétas biitiskas sausnas razas atSkiribas starp
airenu tipa un auzenu tipa Skirn@m. Ta, dazadas
valstis veiktajos izm&ginagjumos auzenu tipa
Skirném ‘Felina’ un ‘Hykor’ konstatéta augstaka
raza neka airenu tipa skirném. Interesanti ir dati, kur
divas dazadas valstis auzenairene ‘Hykor’ uzrada
augstaku sausnas razu, pat salidzinajuma ar niedru
auzeni (3. tabula).

Stiebrzalu attistibas faze vegetacijas perioda
ir viens no galvenajiem faktoriem, kas nosaka

4. tabula / Table 4

Kopproteina saturs auzenairenu un to selekcija izmantoto sugu un $kirnu sausna, %
Crude protein content in the dry matter of festulolium and of the varieties and species used for
festulolium hybridization, %

Kopproteina saturs sausna /
Crude protein content in dry matter,

%
Suga / Skirne / “ . . . Lietuva /
uga KIrne Cehija / Serbija / Polija/ Lithuania
Species Variety Czechia Serbia Poland (Paplauskiene
(Cernoch, (Negovanovic, (Kryszak, I\?ekro§as ’
Houdek, Ruzi¢-Musli¢ Domanski, Sliesaraviéils
Capka, 2004) et al., 2003) Joks, 2002) ’
1999)
Niedru auzene K20 - 13.2 - -
Festuca
arundinacea Kora 13.4 _ — —
Schreber
Auzenairene Felina 13.5 12.4 - -
(auzenu tips)
xFestulolium
Asch.&Graebn. Hykor 122 B B B
(Festucoid type)
Auzenairene Perun 8.1 13.9 - —
(airenu tips)
xFestulolium .
Asch.&Graebn. Becva B 153 B B
(Loloid type)
Auzenairene nav
xFestulolium noradtta / not - — 13.0 11.4
Asch.&Graebn. mentioned
Plavas auzene nav
Festuca pratensis ~ noradita / not - - 13.8 12.0
Huds. mentioned
Mustang 8.2 - - -
Ganibu airene nav
Lolium perenne L. noradita / not - - 13.7 11.8
mentioned
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zales baribas vielu saturu, to sagremojamibu un
izmantojamibu. Zalaugiem novecojot, kopproteina,
mineralvielu un vitaminu saturs sausna samazinas,
ar1  baribas vielu sagremojamiba pazeminas
salidzinajuma ar agrakam attistibas fazeém (Gill et
al., 1989; Adamovics, Drikis, 1999). Zales kvalitates
un sagremojamibas pazeminasanas saistita ar augu
aplapojuma samazinasanos vélakas attistibas faz€s
(Sokolovi¢, Tomic, Lugic, 2003).

To daudzo faktoru dgl, kuri ietekmé& vecaku sugu
lopbaribas kvalitati, starpsugu selekcija ir apgriitinosi
noteikt galvenos auzenairenu lopbaribas kvalitati
ietekméjosos faktorus (Buckner, Buch, Burrus,
1979). Vairaku autoru darbos atziméti rezultati, kas
ir netipiski visparpienemtajiem un tiek skaidroti ar
izméginato $kirnpu atskirigo agrinumu. Ta, 4. tabula
redzams, ka plavas auzene un niedru auzene ir
uzradijusas augstaku proteina saturu salidzinajuma ar
auzenaireném.

Citos petijumos atziméta arT negativa korelacija
starp Skirpu lopbaribas  kvalitates raditajiem
(kopproteins, sagremojamiba) un sausnas razu.
Skirném, kuram raksturiga augstaka raza, ir zemaki
kvalitates raditaji (Dovel, Rainey, 1998). Niedru
auzenes skirném, kuru selekcija versta uz lopbaribas
kvalitates paaugstinasanu, zemaka raza veidojas
sakara ar 1énaku lapu augSanas un nobriesanas atrumu
(Ghesquiere, Emile et al., 1996).

Sagremojamiba dazadam stiebrzalu sugam ir
atSkiriga. Lopbaribas kvalitates zina visparatzits
ir airenu parakums par auzeném. Zalaugu sugas
lopbaribas kvalitati kopuma ietekmé arT atskiriga lapu
un stiebru attieciba, kas labaka ir daudzziedu airenei,
bet sliktaka — plavas un niedru auzenei. Piem&ram,
niedru auzenei ir konstatéta zemaka sagremojamiba
neka ganibu airenei un auzenaireném (5. tabula).

Slapekla méslojuma ietekme

Slapekla méslojums bitiski paaugstina zalaugu
razu un kvalitati, ja augsn€ ir zems humusa saturs un
zems nodrosindjums ar slapekli (Adamovics, Drikis,
Kravale, 1999). Péc daudzu zinatnisko pétijumu
datiem, slapekla méslojuma normu palielinasana
ietekmé ne tikai stiebrzalu sausnas razu, bet paaugstina
arT kopproteina saturu sausna (Vuckovic, Simic et al.,
2003; Bumane, Berzins et al., 2004; Aavola, 2005).
Atzita ir slapekla méslojuma pozitiva ietekme uz
airenu un auzenu produktivitati, bet nav pétjjumu
datu par slapekla méslojuma ietekmi uz auzenairenu
razas veidosanos.

Misdienas parasti tiek lietotas zemakas slapekla
méslojuma normas un tiek pétits, ka meslojums
ietekm@ gan zalaugu razu dazadas attistibas fazes, gan
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ar1 zalaugu noturibu zelment (Soegaard, Gierus et al.,
2007). Lietojot augstas slapekla mé&slojuma normas
(vairak par 300 kg ha' N), paatrinas zales ataugSana,
un lidz ar to zali var plaut agrakas attistibas fazes
un ieglt augstakas kvalitates lopbaribu. Samazinot
slapekla normas Iidz 150-250 kg ha!' N, vienlaicigi
tiek pagarinats ar zales ataugSanas periods. Saja
gadijuma ir divas iesp&jas — novakt vecakas attistibas
fazes zali ar zemaku lopbaribas kvalitati vai noplaut
zali agrak, ieglistot zemakas sausnas razas, bet
augstaku lopbaribas kvalitati (Lantinga, Duru, Groot,
2002).

Plausanas reZima ietekme uz sausnas razu
Daudzgadigo zalaugu razas veidoSanos nosaka tas
sezonalais raksturs, t.i., ataugSanas tempa izmainas
vegetacijas sezonas laika: pavasari un vasaras sakuma
zale ataug straujak un sausnas razas veidosanas atrums
ir lielaks, bet vasara un rudeni $ie procesi norit 1&nak.
Palielinot intervalu starp plavumiem un vienlaicigi
samazinot plavumu skaitu, iegiita raza palielinas,
tatu taja pasa laika samazinas zales lopbaribas
kvalitate (Adamovich, Adamovicha, 2003; Staniak,
2006). Vidgji plavumu skaits kultivétajos zalaju
zelmenos svarstas no viena lidz seSiem. Plavumu
skaits ir atkarigs ne tikai no vegetacijas sezonas
garuma un klimatiskajiem apstakliem katra zemé, bet
arT no vietgjam tradicijam un laukkopibas sist€mas.
Tas nozimg, ka ari uzsvars uz lopbaribas energétisko
vertibu ir atskirigs (Soegaard, Gierus et al., 2007).
Liclako sausnas razas dalu plauSanas rezima
parasti dod pirmais plavums (Cernoch, Houdek,
Capka, 2004; Lemeziene, Kanapeckas et al., 2004;
Tarakanovas, Kanapeckas et al., 2004). Pirma
plavuma razu bitiski iespaido arT sugas un skirnes
agrinums, ataugSanas sp&jas, ka arT meteorologiskie
apstakli ataugSanas perioda laika. Lietuva iegiitie
dati par pirma plavuma sausnas razas salidzinajumu
dazadam stiebrzalu sugam ir atSkirigi. Ir dati, ka
auzenairene dod visaugstako sausnas razu pirmaja
plavuma, tai razibas zina seko ganibu airene, pec
tas — plavas auzene (Lemeziene, Kanapeckas et al.,
2004). Auzenairenei konstatéta arT labaka ataugSana
salidzinajuma ar ganibu aireni un plavas auzeni
(Kanapeckas, Lemeziene et al., 2000). Savukart
citos pirma plavuma
raza plavas auzenei ir lielaka neka ganibu airenei
(Butkute, Paplauskiene, 2006). Hibridai airenei
salidzinajuma ar ganibu aireni novérota straujaka
ataugSana pavasarT, ko apstiprina arT augstaka pirma
plavuma raza (Kennedy, Donovan et al., 2006).
Airenu tipa auzenairenes skirnei ‘Perun’ ir straujaks
razas kritums starp pirmo un treSo plavumu

izméginajumos sausnas
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5. tabula / Table 5

Auzenairenu un to selekcija izmantoto sugu un skirnu sausnas sagremojamiba, %
Digestibility of the dry matter of festulolium and of the varieties and species used for festulolium
hybridization, %

Sausnas sagremojamiba /
Digestibility of dry matter,
0,

%
Suga / Skirne / Cehija / Latvija / Lietuva / Polija /
Species Variety Czechia Latvia Lithuania Poland
(Cernoch, (Bérzins, (Nekrosas, (Kryszak,
Houdek, Jansone u.c., Sliesaravicus, Domanski,
Capka, 2004) 2002) 2002) Joks, 2002)
Niedru auzene Baltika - 46.4 - -
Festuca
arundinacea Kora 76.7 _ _ _
Schreber
Auzenairene Felina 76.9 52.4 - -
(auzenu tips)
xFestulolium
Asch. &Graebn. Hykor 77.1 B B B
(Festucoid type)
Auzenairene Perun 78.8 - - -
(airenu tips)
xFestulolium .
Asch. &Graebn. Saikava B 62.1 B B
(Loloid type)
Auzenairene nav noradita
xFestulolium / not - - 60.6 73.3
Asch. &Graebn. mentioned
Arita - 50.2 - -
Plavas auzene —
Festuca pratensis nav noradita
Huds. / not - - 52.4 74.9
mentioned
Mustang 80.2 - - -
Ganibu airene Spidola — 66.4 — —
Lolium perenne L.~ Nav noradita
/ not - - 63.0 75.9
mentioned
Hibrida airene .
Loliumx nav noradita
boucheanum / n.ot B B 608 B
Kunth. mentioned
salidzinajuma ar sausumizturigakam niedru auzenes  Kanapeckas et al.,, 2004). Augstaku zelmena
tipa skirném ‘Felina’ un ‘Hykor’ (Cernoch, Houdek,  produktivitati nodroSina jauni zalaju s€umi.

Capka, 2004).

Zelmena izmantoSanas gada ietekme uz
sausnas razu

Faktoru ietekmes Tpatsvara analize liecina, ka
sausnas razas veidosana zelmepa izmantoSanas
gads nodrosina lielu datu varié$anu (Tarakanovas,

40

Centraleiropas apstaklos ganibu airenes Skirném
produktiva ilggadiba ir vidgji 2-3 gadi, bet plavas
auzenes Skirném — 3-5 gadi (Kohoutek, Carlier et al.,
2007).

Arl  auzenaireném noverots  secigs
samazinajums pa izmantoSanas gadiem (Dovel,
Rainey, 1998; Cernoch, Houdek, Capka, 2004).

razas
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Lietuva veiktajos izm&ginajumos auzenairenes
sausnas raza otraja izmantoS$anas gada samazinajas
vidgji par 30%, salidzinot ar pirmo razas gadu
(Kanapeckas, Lemeziene et al., 2000; Lemeziene,
Kanapeckas et al., 2004). Izméginajumos Slovakija
Skirne ‘Perun’ pirmaja razas gada uzradija ievérojami
augstaku (10.9 t ha') razu, salidzinot ar otro
(5.3 t ha') razas gadu (Gaborcik, Zametakova,
Rataj, 2004). SalidzinoSi mazaku razas kritumu
un stabilaku zelmenu produktivitati uzrada niedru
auzenes tipa auzenairenu $kirne ‘Felina’. Cehija
veiktajos izmégindjumos tas raza bija Iidzvertiga
niedru auzenes razai, bet sausnas raza piektaja
razas gada bija samazindjusies tikai par 20-30%
(Kohoutek, Odstrcilova et al., 2004).

vides faktori

Stiebrzalu produktivitati un tas stabilitati liela
méra ietekmé ne tikai sugas genétiskais potencials,
izmantoSanas veids un gads, bet arT klimatiskie
apstakli vegetacijas perioda. Faktoru ietekmes
Tpatsvara analize razu atSkiribu veidoSana liecina,
ka Iidzvertigu datu mainibu dod gan zelmena
izmantoSanas gads, gan arl izméginajuma gads,
ka meteorologisko faktoru kopums konkrétaja
izméginajuma gada (Tarakanovas, Kanapeckas et al.,
2004).

Tadiem klimatiskajiem faktoriem ka vasaras
sausuma un ziemas aukstuma periodi ir izSkiroSa
loma zalaju ilggadiba. Ziemelu klimatiskaja zona
zelmena sliktas ziemcietibas izraisitie bojajumi var
bt galvenais razas samazinasanas iemesls (Nekrosas,
Sliesaravicus, 2002; Soegaard, Gierus et al., 2007).
Airenu génu klatblitne auzenpairengs samazina to
salcietibu un ziemcietibu (Casler, Peterson et al.,
2002). Kopuma auzenairenu selekcija ieklautas sugas
izturibas zina pret zemam temperatiiram, neskatoties
uzieverojamam atskiribam sugas robezas, var sarindot
sadi: F. pratensis>F. arundinacea>L. perenne un
F. arundinacea var. glaucescens>L. multiflorum.
Ta ka F. arundinacea var. glaucescens ir dienvidu
izcelsme, tas aukstumizturiba nav plasi pétita
(Humphreys, Pasakinskiene et al., 1998).

Ziemeleiropa pédgjos gados noverojamas
klimatiskas izmainas, kuram raksturigas augstakas
temperatiiras un sausuma periodi vasara (Hopkinss,
Prado, 2006). Tas ietekm@ arT zalaju razas veidoSanos
vegetacijas sezona: pavasaros un rudenos tiek iegitas
augstakas sausnas razas, bet vasaras vidil novérojams
strauj$ razibas kritums sausuma dél (Soegaard, Gierus
et al.,, 2007). Tadejadi ari Ziemeleiropa aktuala
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klust viena no bitiskakajam auzenairenu selekcija
izvirzitajam Tpasibam — sausumizturiba.

Zalaugu sausumizturiba tiek skatita
kompleksi — ka augus ietekmé ne tikai to
nodro§inajums ar Udeni, bet arT temperatiiras,
augu transpiracijas un fotosintézes process,

baribas vielu rezZima un augsnes IpaSibu izmainas.
Daudzgadigajiem  zalaugiem janem
produktivitate ne tikai sausuma periodos, bet arT
pec tiem. Kopuma auzenairenu selekcija ieklautas
sugas sarindot §adi:
F. arundinacea>F. arundinacea var. glaucescens>
un L. perenne>L. multiflorum
(Humphreys, Pasakinskiene et al., 1998).

Dati par auzenpairenu Skirnpu sausumizturibu ir
atSkirigi. Ta, péc J. Kryszaka un kolégu (Kryszak,
Domanski, Joks, 2002) pétjjumiem auzenairenu
Skirnes (L. multiflorum xF. pratensis) tikai nedaudz
atpalieck no niedru auzenes sausumizturibas zina.
Savukart péc D. Vilmana un koleégu (Wilman,
Gao, Leitch, 1998) pétijumiem auzenu sugas
un to hibridus var sarindot $adi: niedru auzene
(F.  arundinacea)>auzenairene (L.  perenne
F.  pratensis)>plavas (F.  pratensis)>
auzenairene (L. multiflorum xF. pratensis). Optimali
mitruma apstakli samazina daudzgadigo zalaju
razas kritumu to turpmakajos izmantoSanas gados
(Adamovics, Drikis, Kravale, 1999).

véra to

sausumizturibas zipa var

F pratensis

auzene

Secinajumi

Starpsugu un starpginSu populaciju veidosana
paver daudzpusigas iespgjas jaunu hibridu veidoSana.
Hibrida airene ir ka starpposms starp ganibu aireni
un daudzziedu aireni gan augSanas parametru, gan
raziguma, gan arl izturiguma zipa. Baltijas valstu
klimatiskajos apstaklos galvena hibridas airenes
izmantoSanas probléma varétu biit tas ziemcietiba.

Auzenairenes ir jauna un maz pétita zalaugu
suga ne tikai Latvija, bet arT Eiropa un pasaulg.
Sakara ar dazadajiem hibridu veidoSanas variantiem
auzenaireném sastopams loti plass ipasibu spektrs,
kas rada problémas to novertésana un salidzinasana.
Izveloties Skirni audz&Sanai, bitu janem véra, vai
ta ir auzenu vai arenu tipa un kadas vecaku formas
izmantotas tas selekcija. Literatira minéti dazadi
rezultati par auzenairenu razibu un lopbaribas
kvalitates raditajiem salidzinajuma ar to vecaku
formam, ka arT novérotas atSkiribas starp auzenu
un airenu tipa auzenaireném. Dazadi ir ari dati par
auzenairenu aukstumizturibu un sausumizturibu
salidzinajuma ar vecaku formam.
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Azenairenu  produktivitati

ietekmé zelmena

izmantoSanas veids un zelmena vecums. PlauSanai
izmantojamos zelmenos lielako sausnas razas dalu
dod pirmais plavums. Nov&rots secigas sausnas razas
samazinajums pa izmantoSanas gadiem. Pagaidam
nav pétijumu datu par slapekla méslojuma ietekmi uz
auzenairenu razas veidoSanos, ka arT par temperatiiras

un nokrisnu daudzuma ietekmi uz dazadam
auzenairenu skirném.
Auzenairenes  ir  perspektivs  kultliraugs

Ziemeleiropa, kur klimatiskie apstakli nav pietiekami
labveligi airenu audz€Sanai. Savas kvalitates un
konkurétspgjigas produktivitates de] tas var ienemt
lidzvertigu vietu starp citam audz&tajam stiebrzalem.

Literatiira

1.

42

Aavola, R. (2005) The yield potential of Estonian
perennial ryegrass (Lolium perenne) cultivars at
different mineral fertilization levels and cutting
frequencies. Grassland Science
Vol. 10, 449-453.

Adamovich, A., Adamovicha, O. (2003)
Productivity and forage quality of Festulolium/
legume mixed swards in response to cutting
frequency. Grassland Science in
Vol. 8, 453-456.

Adamovics,A., Drikis, J. (1999) Zalaju sastavaun
produktivitates vertgjums tilpumainas lopbaribas
razosanai. Latvijas lauksaimniecibas zinatniskie
pamati. Zinatniska monografija. Jelgava, LLU,
7.64-7.71.

Adamovics, A., Drikis, J., Kravale, D. (1999)
Zales lopbaribas  saimniecibas  attistibas
nosactjumi. Latvijas lauksaimniecibas zinatniskie
pamati. Zinatniska monografija. Jelgava, LLU,
5.13.-5.30.

in Europe,

Europe,

Adamovics, A., Koulakovskaja, T. (2003)
Eiropas plavkopibas federacijas zinatnisko
forumu aktualitates. Agronomijas  Vestis,
Nr. 5, 23-25.

Banzhaf, K., Opitz von Boberfeld, W. (2005)
Ensilability and silage quality of different
Festulolium hybrids in comparison to Festuca
arundinacea. XX International
Congress: offered papers. Ireland, Wageningen
Academic Publishers, p. 472.

Beguier, V. (2002) The development and
commercialization of Festulolium in France.
SAGES project site: http://www.sages-eu.co.uk/
Eng_artyr].htm#SAGES YEAR 1 REPORT —
Resurss aprakstits 2011. gada 20. aprili.

Bérzins, P., Bumane, S., Stesele, V. (2006)
Daudzgadigo stiebrzalu selekcija laika posma

Grassland

10.

I1.

12.

13.

14.

15.

16.

17.

18.

no 1997.-2006. gadam. Zemkopibas institita
zindtnei — 60./60 years of research at the Latvian
Agricultural Institute. Skriveri, 29-35.

Bérzins, P, Jansone, B., Bumane, S.,
Sparnina, M., Luksa, S. (2002) Daudzgadigo
stiebrzalu un selekcijas  darba
rezultati. Agronomijas Vestis, Nr. 4, 181-185.
Breese, E.L., Thomas, A.C. (1978) Uniformity
and stability of Lolium multiflorumxL. perenne
allotetraploids. [Inter-specific Hybridization in

taurinziezu

Plant Breeding. Proceedings of 8th Eucarpia
Congress, Spain, 155-160.

Buckner, R.C., Buch, L.P., Burrus, P.B. (1979)
Succulence as a selection criterion for improved
forage quality in Lolium—Festuca hybrids.
Crop Science, Vol. 19, 93-96.

Buckner, R.C., Burrus, P.B., Bush, L.P. (1977)
Registration of Kenky variety. Crop science,
Vol. 17, 672-673.

Buckner, R.C., Webster, G.T., Burrus, II.LP.B.,
Bush, L.P. (1978) Cytological, morphological
and agronomic characters of tallxgigant fescue
hybrids and their amphiploid progenies.
Crop Science, Vol. 16, 811-816.

Bumane, S., Berzins, P, Leep, RH.,
Dietz, T. (2004) The effect on nitrogen use
on perennial ryegrass seed yield and forage
quality parameters. Latvijas Lauksaimniecibas
Universitates Raksti, Nr. 10 (305), 13—18.
Butkute, B., Paplauskiene, V. (2006) Comparison
of the variability in quality of the LIA-bred
perennial grasses, relationships between quality
parameters. Grassland Science in FEurope,
Vol. 11, 158-160.

Casler, M., Peterson, P.R., Hoffman, L.D.,
Ehlke, N.J., Brummer, E.C., Hansen, J.L.,
Mlynarek, M.J., Sule, M.R., Henning, J.C.,
Undersander, D.J., Pitts, P.G., Bilkey, P.C,
Rose-Fricker, C.A. (2002) Natural selection
for improves freezing tolerance,
forage yield and persistance of Festulolium.
Crop Science, Vol. 42, 1421-1426.

Cernoch, V., Houdek, I., Capka, R. (2004)
grass for future. Bericht
tiber die 55. Tagung 2004 der Vereinigung
der und  Saatgutkaufleute
Osterreichs. HBLFA Raumberg-Gumpenstein,
23-25 November, 2004, 87-89.

Dovel, R.L., Rainey, J. (1998) Pasture and hay
grass variety trial. Research in the Klamath
1998  Annual Report. Agricultural
Experiment Station of Oregon State University,
Special Report 1007, 96-99.

survival

Festulolium —

Pflanzenziichter

Basin

LLU Raksti 26 (321), 2011; 33-44



1. Gitmane, A. Adamovics

Auzenairenu un hibrido airenu produktivitati noteicosie faktori

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Eagles, C.F., Fuller, M.P. (1982) Evaluation
of cold hardiness in forage grass and legumes.
Proceedings ofthe 11th Meeting of the EUCARPIA
Fodder Crops Section, 13—16 September, 1983,
Aberystwyth, United Kingdom, 172—184.

Fojtik, A. (1994) Methods of plant improvement
used at the Plant Breeding station Hladke
Zivotice. Genetica Polonica, Vol. 35A, 25-31.
Gaborcik, N., Ilavska, 1., Zibritova, I,
Kizekova, M. (2006) Photosynthesis, growth
and productivity of tall fescue and their
intergeneric hybrids. Grassland Science in
Europe, Vol. 11, 167-169.

Gaborcik, N., Zametakova, Z., Rataj, D.
(2004) Impact of water deficit on growth and
productivity of Festulolium hybrids. Grassland
Science in Europe, Vol. 9, 431-432.

Ghesquiere, M., Barre, P., Beguier, V.,
Durand, J.L., Garnier, S., Laurent, V. (2002)
Interspecific hybridization in
ryegrass complex for European grasslands.
Vol. 7,

the fescue—

Grassland ~ Science in
298-299.

Ghesquiere, M., Emile, J.C., Jadas-Hecart, J.,
Mousset, C., Traineau, R., Poisson, C. (1996)
First in vivo assessment of feeding value of
Festulolium hybrids derived from Festuca
arundinacea var. glaucescens and selection
for palatability. Plant Breeding, Vol. 115,
238-244.

Gill, M., Beever, D.E., Osbourn, D.F. (1989)
The feeding value of grass and grass products.
Grass, its  production and  utilization.
Ed. W. Holmes. Oxford, Blackwell Scientific
Publications, 12—-88.

Gutmane, I, Adamovich, A. (2007)
Productivity and persistency of Festulolium
and Loliumxboucheanum swards.
and temporary grassland. Grassland Science in
Europe, Vol. 12, 59-62.

Hahn, H.,  Schoberlein, W. (1999)
Characterization  and  identification  of
Festulolium hybrids by electrophoresis of
seed proteins. Seed Science and Technology,
Vol. 27, 525-542.

Hopkinss, A., Prado, A. (2006) Implications
of climate change for grassland: impacts,
adaptations and mitigation options. Grassland
Science in Europe, Vol. 11, 749-759.
Humphreys, J., Tomas, H.M., Jones, N.,
Humphreys, M. (2002) Sustainable grasslands
withstanding environmental stress (SAGES).
Grassland Science in Europe, Vol. 7,310-311.

Europe,

Permanent

LLU Raksti 26 (321), 2011, 33-44

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Humphreys, M.W., Pasakinskiene, I,
James, A.R.,Thomas, H. (1998) Physically
mapping  quantitative traits for  stress-

resistance in the forage grasses. Journal of
Experimental Botany, Vol. 49, 1611-1618.
Humphreys, M.O. (1997) The contribution
of conventional plant breeding to forage
crop improvement. Proceedings of the XVIII
International Grassland Congress. Session 4:
Conventional and novel methodologies for plant
improvement, Canada, 71-78.

Humphreys, M.O., Turner, L.B., Skot, L.,
Humphreys, M.W., King, LP., Armstead, .,
Wilkins, P.W. (2003) The use of genetic markers
in grass breeding. Czech Journal of Genetics
and Plant Breeding, No. 39 (Special Issue),
112-119.

Kanapeckas, J., Lemeziene, N., Tarakanovas, P.,
Nekrosas, S. (2000) Comparison of aftermath
dry matter yield of different perennial
grass species. Zemes itkio mokslai, Nr. 3
58-65.

Kennedy, E., Donovan, M., Delaby, L.,
Rath, M., O’Mara, F.P. (2006) Investigating
the contribution of hybrid ryegrass to early
spring grazing systems. Grassland Science in
Europe, Vol. 11, 50-52.

Kohoutek, A., Carlier, L., Zimakova, M.,
Odstréilova, V., Nerusil, P., Komarek, P. (2007)
Yield, persistence and forage quality of some
grass and legumes species under central European
conditions. Grassland Science in Europe,
Vol. 12, 90-93.

Kohoutek, A., Odstrcilova, V., Komarek, P.,
Nerusil, P. (2004) Persistence and production
ability of Dactylis glomerata L., Dactylis
polygama Horvat, Festuca arundinacea L. and
genus hybrids in 1986-2003. Grassland Science
in Europe, Vol. 9, 422-424.

Kryszak, J., Domanski, P., Joks, W. (2002)
Use value of Festulolium brauni (K. Richter)
A. Camus cultivars registered in Poland.
Grassland ~ Science in  Europe, Vol. 7,
436-437.

Lantinga, E.A., Duru, M., Groot, J.C.J. (2002)
Dynamics of plant architecture at sward level
and for grass digestibility:
modelling approaches. Grassland Science in
Europe, Vol. 7, 45-55.

Lemeziene, N., Kanapeckas, J., Tarakanovas, P.,
Nekrosas, S. (2004) Analysis of dry matter
yield structure of forage grasses. Plant, Soil and
Environment, Vol. 50, No. 6, 277-282.

consequences

43



1. Giitmane, A. Adamovics

Auzenairenu un hibrido airenu produktivitati noteicosie faktori

40.

41.

42.

43.

44.

45.

46.

47.

44

Negovanovic, D., Ruzi¢-Muslic, D,
Petrovic, PM., Tomi¢, Z., Dini¢, B.,
Mrfat—Vukeli¢, S., Djordjevic—Milosevi¢, S.,
Djordjevic, N. (2003) Dynamics of changes
in the nutritive value of selected varieties of
Festuloliums and Festuca arundinaces Schreb.
during first growth in spring. Grassland Science
in Europe, Vol. 8, 234-237.

Nekrosas, S., Sliesaravicus, A. (2002)
Investigation of intergeneric ryegrass—fescue
and inerspecific ryegrass hybrids developed in
Lithuania. Zemdirbyste: Mokslo darbai, T. 78,
158-163.

Paplauskiene, V., Nekrosas, S., Sliesaravicus, A.
(1999) Comparison of intergeneric ryegrass—
fescue hybrids and their parental forms.
Zemdirbyste: Mokslo darbai, T. 65, 187-193.
Sliesaravicius, A. (1997) Methods and
results of changing genome composition
and number Proceedings  of
International Conference, Dotnuva-Akademija,
14-16 July 1997, Lithuania, 149—-152.
Soegaard, K., Gierus, M., Hopkins, A.,
Halling, M. (2007) Temporary grassland —
challenges in the future. Grassland Science in
Europe, Vol. 12, 27-38.

Sokolovi¢, D., Tomi¢, Z., Lugi¢, Z. (2003) Dry
matter yield components of perennial ryegrass
(Lolium perenne) populations. Grassland Science
in Europe, Vol. 8, 126—129.

Staniak, M. (2006) Reaction of Festulolium
braunii on the time of the first regrowth cut.
European education and research in agronomy.
IX ESA Congress Book of proceedings,
4-7 September;, 2006, Poland, 135-136.
Siffelova, G., Pavelkova, M., Klabouchova, A.,
Wiesner, 1. (1997) RAPD fingerprinting of
diploid Lolium perennexheksaploid Festuca
arundinacea  hybrid  genomes.  Biologia
Plantarum, Vol. 40(2), 183-192.

in grasses.

48.

49.

50.

51.

52.

53.

54.

Tarakanovas, P., Kanapeckas, J., Lemeziene, N.,
Nekrosas, S. (2004) Analysis of dry matter
yield stability parameters in different varieties
of forage grasses. Latvijas Lauksaimniecibas
Universitates ~ Raksti, Nr. 10 (305),
19-25.

Thomas, H., Humphreys, M.O. (1991) Progress
and potential of interspecific hybrids of Lolium
and Festuca. The Journal of Agricultural
Science, Vol. 117, 1-8.

Thomas, H.M., Morgan, W.G.,
Humphreys, M.W. (2003) Designing grasses
with a future combining the attributes of Lolium
and Festuca. Euphytica, Vol. 133, 19-26.
Vuckovic, S., Simic, A., Eric, P., Cupina, B.,
Petrovic, R., Stojanovic, I., Stanisavljevic, R.,
Vuckovic, M. (2003) Relationships between
forage yield and quality of perennial ryegrass and
different rates of nitrogen fertilizer. Grassland
Science in Europe, Vol. 8, 198—199.

Wilman, D., Gao, Y., Leitch, M.H. (1998)
Some differences between eight grasses within
the Lolium—Festuca complex when grown in
conditions of severe water shortage. Grass and
Forage Science, Vol. 53 (1), 57-65.

Zwierzykowski, Z., Joks, W.,
Naganowska, B. (1993) Potential of tetraploid
Festulolium (Festuca  pratensisxLolium

multiflorum). Proceedings of 18th Meeting
of the EUCARPIA Fodder Crops Section,

August  25-28, 1993, North Fiord—Loen,
Norway, 60-61.
Zwierzykowski, Z., Naganowska, B,

Kalinowski, A. (1996) A preliminary study
on the controlled introgression of Festuca
arundinacea genes into tetraploid Lolium
multiflorum. Proceedings of 20th Meeting of
the EUCARPIA Fodder Crops and Amenity
Grasses Section, October 7—10, 1996, Radzikow,
Poland, 183—-184.

LLU Raksti 26 (321), 2011; 33-44



1. Gitmane, A. Adamovics Photosynthesis of *Festulolium and L.Boucheanum Sward

Photosynthesis Characteristics of xFestulolium and
Lolium*xBoucheanum Sward
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Abstract. The productivity of grasslands and pastures mostly depends on cultivated grass varieties. Festulolium
(xFestulolium Asch.&Graebn.) is among the most persistent and productive grasses used in many European
countries, especially in adverse environments. The aim of the present research was to study photosynthesis
activity and crop yield of local and foreign varieties of festulolium and hybrid ryegrass (Lolium>boucheanum
Kunth.) under agro-ecological conditions of Latvia. The most significant indices of photosynthetic
activity — leaf area index (LAI) and net photosynthesis productivity (NPP) — during growth period till
first cut were investigated. Field trials were established on sod-gleyic soil (Luvic Epigleyic Phaeozem
(Calcaric) — WRB 2006), fine sandy loam; fertilizers — 120 kg ha™ of N, 78 kg ha of P,O,, and 90 kg ha™
of K,O. The average NPP for festulolium, hybrid ryegrass and perennial ryegrass varieties varied from
5.63 to 8.29 g m? day'. No positive correlation between NPP and dry matter (DM) yield was established.

The average LAI was within the range of 1.94-2.91, and a relationship between LAI and DM was found.
Key words: xFestulolium, Loliumxboucheanum, productivity, photosynthesis.

Introduction

Under climatic conditions of Latvia, forage
grasses are the main fodder source in cattle breeding.
Efficient farming requires better use of grass.

Greater sward productivity may be obtained
through use of hybrid combinations of contrasting
grass species. Festulolium hybrids are among the most
persistent and productive grasses of the grasses used
in many European countries, especially in adverse
environments (Nesheim, Bronstad, 2000; Kohoutek,
Odstrcilova et al., 2004).

In all grasses the basis of growth is photosynthesis.
However, the accumulation of dry matter is not the
result ofa single process, but represents the net balance
between a number of processes. Leaf development
and age, as well as leaf photosynthetic capacity
influence the grass yield (Kolomeychenko, 2005).
In optimal photosynthetic and moisture conditions
perennial grasses can achieve good growth and
photosynthetic productivity. The optimal fertilization
level can help improve the photosynthesis (Bumane,
Adamovich, 2006).

Leaf surface arca and net photosynthesis
productivity are the most significant indices of

LLU Raksti 26 (321), 2011; 45-53

photosynthesis (Adamovich, 2002). Leaf surface
area is usually expressed as leaf area index (LAI)
which represents leaf area per unit ground surface
area and shows how many times leaf surface is
grater than soil area occupied by plants (Robson,
Parsons, Williams, 1989). Net photosynthesis
productivity (NPP) characterizes the increase in
plant dry matter (DM) production per leaf area unit
of time, expressed in g m? day! (Huunmoposwy,
CrporoHoBa u nip., 1961).

Several enviromental and physiological factors
determine the rate of photosynthesis: light intensity,
temperature, mineral content, and water. Grass
photosynthesis is affected also by sward management
(Robson, Parsons, Williams, 1989). In the grass crops
the leaves are not only the photosynthesis organ,
but the harvestable fraction as well. Increase in leaf
area results in greater light interception and canopy
photosynthesis. Higher photosynthesis productivity
leads to an even grater rate of leaf area expansion and
biomass production (Parsons, Penning, 1988). The
increase in leaf area significantly reduces interception
of light by plants, thus having a negative effect on
the NPP and sward productivity (Adamovich,
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2002). Development of leaves in shade may lead to
a decrease of about 30% in leaf photosynthesis in
vegetative grass canopy (Nosberger, Staszewski,
2002). Frequent defoliation repeatedly interrupts leaf
area growing before canopy is reaching the maximum
yield. The following more lenient defoliation extends
each regrowth period so that the crop may be close
to maximum yield before it is harvested. However,
under intermittent defoliation there is increasing rate
of tissue death (Robson et al., 1989).

Photosynthesis  productivity for perennial
ryegrass, Italian ryegrass, tall fescue and intergeneric
hybrids is highest during the recovery period for the
first cut, and is lower during the periods following the
second and third cut. The difference in photosynthesis
productivity rates between the first and second
cut is highly significant. A close relationship
between photosynthesis productivity value and DM
production has been found. In some researches DM
production of various grasses has declined between
the first and third cut corresponding to the changes in
photosynthesis productivity over the growing period
(Gaborcik, Ilavska et al., 2006).

The aim of the present research was to study the
most important indices of photosynthesis (leaf area
index and net photosynthesis productivity) and crop
yield of festulolium (*xFestulolium Asch.&Graebn.)
and hybrid ryegrass (Lolium*boucheanum Kunth.)
foreign varieties under agro-ecological conditions of
Latvia.

Materials and Methods

Field trials were conducted at LLU Research
and study farm “Vecauce”, Latvia. Soil: sod-gleyic
(Luvic Epigleyic Phaeozem (Calcaric) — WRB
2000), fine sandy loam, medium cultivated, medium
drained, pH KCI - 7.1, PO, — 579 mg kg, KO —
238 mg kg, organic matter content — 31 g kg
of soil. Swards were composed of: perennial
ryegrass ‘Spidola’ (control); festulolium — “Perun’
(L. multiflorum=F. pratensis), ‘Punia’
(L. multiflorumxF. pratensis), ‘Saikava’ (L. perennex

F pratensis), ‘Lofa’ (L. multiflorumxF. arundinacea),

and ‘Hykor’ (L. multiflorum=xF. arundinacea);
hybrid ryegrass — ‘Tapirus’ (L. multiflorumx
L. perenne). The total seeding rate was

1000 germinating seeds per m?. The plots were
fertilized as follows: N — 108 kg ha', P,0,
78 kg ha', K,O — 90 kg ha' (in the sowing year);
N - 120 kg ha', PO, — 78 kg ha', K,O — 90 kg ha’'
in the year of sward use. Dynamics of plant leaf area
index and net photosynthesis productivity, expressed
in g m? day!, were determined for first cut.
Sampling of each variety plants was carried out
in 2 replications at 7-10—day intervals after spring
regrowth till first cut. The sampling plot, in the area
of 0.05 m?, was cut by hand using sickle. The cut
biomass was used to determine the LAI employing
the disc method. The fully developed grass leaves
were removed and weighed, and then 100 discs with a
diameter of 3 mm were cut and weighed. A sample leaf
area was calculated and expressed in square meters
per 1 m? of sown area considering the leaf disc mass
and the arca. Net photosynthesis productivity was
determined following the method described by Kidd,
West and Briggs (Huuunoposuu, CtporoHosa et al.,
1961). Dry weight and leaf area were determined
at the beginning and end of each week. NPP was
calculated as weekly increase in dry weight divided
by the average leaf area of sample and then expressed
for one day period (Huuunoposuu, CtporoHosa et
al., 1961). Data were statistically analyzed employing
analysis of variance, and correlation and regression

analyses.

Meteorological — conditions  were  different
in wintering and vegetation periods. The main
indices — average daily temperature and

precipitation — for spring growing season till first cut
are shown in Table 1.

In the year 2003, the cold winter with black frost
and dry spring, hot July and first part of August
followed by mild temperatures and rainfalls in the
second part of August. Whereas in 2004, winter was
mild, spring — dry and cool, but summer — rich in

Table 1
The air temperature and precipitation during the vegetation period
compared with meteorological norm, 2003—-2006
Month Average daily air temperature, °C Precipitation, mm
on

2003 2004 2005 2006 Norm 2003 2004 2005 2006  Norm

April 4.2 6.9 6.0 5.8 4.8 29 3 17 20 42

May 12.3 10.2 11.2 11.6 11.1 16 43 43 28 40

June 14.3 13.3 14.3 16.2 15.1 49 118 49 24 51
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Table 2

The net photosynthesis productivity, g m? day™, and leaf area index on average for 2003-2006

Varieties
Parameters - : B .

Spidola Lofa Saikava Hykor Perun Tapirus Punia
Net
photosynthesis
productivity 5.63 7.48 8.29 6.99 7.30 7.94 7.85
Sy 0.88 0.53 0.79 0.31 0.23 0.17 0.45
Leaf area index 2.01 2.28 1.94 2.91 2.53 1.98 2.66
Sy 0.35 0.38 0.38 0.37 0.45 0.25 0.37

LSD, . for NPP=3.02, for LAI=0.63

precipitation and cool. Early snow cover without frost
contributed to snow mildew formation in the winter
of 2004/2005. The year 2005 was characterized by
a late and cool spring and hot and dry July. In 2006,
cold and long winter with sufficient snow cover was
followed by an extremely hot and dry summer.

Results and Discussion

In the Latvian climatic conditions, most of the
dry matter yields are produced by the first cut grass.
According to our results, NPP and LAI for festulolium,
hybrid ryegrass and perennial ryegrass individual
grass species were different during regrowth period
till the first cut.

On the average between four years of trial,
the highest NPP was observed for festulolium cv.
‘Saikava’ — 8.29 g m? day! (Table 2). Perennial
ryegrass demonstrated not only the lowest average
value of NPP but also the lowest DM yield. Though
there were differences between NPP values of the
investigated varieties, they were not statistically
significant (p>0.05). In the four years of trials,
festulolium cv. ‘Hykor’ and ‘Punia’ gave the highest
average values of LAI —2.91 and 2.66 respectively.
Differences between LAI values of investigated
varieties were statistically significant (p<0.05).

Weather conditions affect leaf development and
photosynthetic capacity. The dry and warm weather in
May 2003 led to faster reaching of the maximum LAI
and its reduction afterwards. The leaf photosynthesis
was influenced by current meteorological conditions
and by the leaf age. Greater leaf area did not provide
increase in plant DM production per leaf area in the
year 2003, and correlation between LAI and DM
production was not significant (p>0.05).

In the year 2003, the highest net photosynthesis
productivity was shown by festulolium cv.

LLU Raksti 26 (321), 2011; 45-53

‘Hykor’ — 6.68 g m? day!. NPP of perennial
ryegrass cv. ‘Spidola’ was 3.37 g m? day, and all
festulolium and hybrid ryegrass  cultivars
exceeded it. In the year 2003, the average NPP of
festulolium cultivars was by 74% higher compared
to perennial ryegrass, and no close relationship
between NPP and DM yield production was
established (p>0.05).

In the year 2004, formation of leaf area was
slow due to late and cool spring. Determination of
festulolium and hybrid ryegrass leaf area dynamics
showed that development of the maximum LAI was
achieved before ear emergence stage. There was an
upward trend of plant leaf area expansion over spring
growing season till reaching maximum LAI. With
the ageing of leaves, their photosynthetic capacity
declines. A downward trend of NPP over spring
growing season till first cut was observed. NPP
was the highest during the first ten days of spring
regrowth, but lower at ear emergence stage (Fig. 1).

In the year 2004, the highest net photosynthesis
productivity was exhibited by festulolium cv.
‘Saikava’— 8.97 g m? day'. This year for festulolium
and hybrid ryegrass swards a significant (p<0.05)
negative correlation was observed between the DM
yield formation during spring growing season till
first cut and the NPP (Fig. 2). It was determined that
LAI and DM production had close relationship which
was expressed by an equation of linear regression
(p<0.01) (Fig. 3). In 2004, the maximum LAI was
achieved by festulolium cv. ‘Perun’— 3.6.

Generally, in spring 2005, the weather conditions
as well as net photosynthesis productivity and leaf
area dynamics were similar to those in the year
2004. The maximum LAI was achieved before ear
emergence stage. An upward trend of plant leaf area
expansion over spring growing season till reaching
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maximum LAI and a downward trend of NPP over
spring growing season till first cut were observed.
NPP was the highest at the beginning of spring
regrowth, but the lowest at ear emergence stage

(Fig. 4).
In the year 2005, hybrid ryegrass cv.
‘Tapirus’ had the highest net photosynthesis

productivity — 9.23 g m? day!. NPP of perennial
ryegrass cv. ‘Spidola’ was 5.53 g m™ day’, and
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all festulolium and hybrid ryegrass cultivars
exceeded it. The average net photosynthesis
productivity of festulolium cultivars was by
45% higher than that of perennial ryegrass.
There was a significant (p < 0.05) negative
correlation between the DM yieldformation during
spring growing season till first cut and the net
photosynthesis  productivity festulolium

and hybrid ryegrass It was

for

swards (Fig. 5).
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Fig. 1. Indices of photosynthesis for festulolium and hybrid ryegrass swards, 2004.
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Fig. 2. The relationship between net photosynthesis productivity and plant dry matter yield in 2004, p<0.05.
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Fig. 3. The relationship between leaf area index and plant dry matter yield in 2004, p<0.01.
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also determined that LAI and DM production had
a close relationship which was expressed by an
equation of linear regression (p<0.01) (Fig. 6).
The maximum LAI (3.5) was achieved by
festulolium cv. ‘Hykor’.

In the year 2006, the dry and hot weather at the
beginning of summer led to small average leaf area
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formation for all investigated varieties, and plant
leaf area expansion over spring growing season till
reaching maximum LAI was slow (Fig. 7). That year
all varieties had the lowest LAI values compared to
other trial years.

The rate of photosynthesis which a leaf exhibits in
high light intensities declines faster with age. Smaller
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Fig. 4. Indices of photosynthesis for festulolium and hybrid ryegrass swards in 2005.

y =-0.0593% +0.5998x+2.7605

14

8

7 ° R =0.2651
726-
S 5

el
T 47
53
QZ’
1
0 T T
0 2 4 6 8 0, 2

Net photosynthesis productivity, gm~ day

Fig. 5. The relationship between net photosynthesis productivity and plant dry matter yield in 2005, p<0.05.
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Fig. 6. The relationship between leaf area index and plant dry matter yield in 2005, p<0.01.

LLU Raksti 26 (321), 2011; 45-53

49



1. Gutmane, A. Adamovics

Photosynthesis of xFestulolium and L.Boucheanum Sward

5
ol 47
3
g 34
3
= *
<
2,
|
1,
0
16.V 19.V 30.V 6. VI
Date

T 157
w > *
R S *
=%g
% wlO * : ¢
gz
5
2% 57 ¢ g
= 3
Z 2 . * "
o 0 T T T
16.V 19.V 30.V 6. VI
Date

Fig. 7. Indices of photosynthesis for festulolium and hybrid ryegrass swards in 2006.
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Fig. 8. Dependence between leaf area index and plant dry matter yield in 2006, p<0.01.

increase in leaf area and better light saturation
in sward did not lead to higher photosynthetic
capacity. In the year 2006, the highest NPP was
demonstrated by hybrid ryegrass cv. ‘Tapirus’ and
festulolium cv. ‘Punia’ — 9.27 and 9.11 g m? day'
respectively. NPP of perennial ryegrass cv. ‘Spidola’
was 5.98 g m? day’!, and all festulolium and hybrid
ryegrass cultivars exceeded it. The average net
photosynthesis productivity of festulolium cultivars
was by 36% higher compared to perennial ryegrass.
Correlation between net photosynthesis productivity
and dry matter yield production was not significant
(p>0.05). There was a significant correlation between
leaf area index and dry matter production (»p<0.01)
(Fig. 8). That year, maximum value of LAIL i.e., 1.8,
was achieved by festulolium cv. ‘Hykor’.

Our results confirmed the data of other researchers
(Parsons, Penning, 1988; Robson, Parsons, Williams,
1989; Nosberger, Staszewski, 2002) regarding
changes in grass canopy photosynthesis during
sward growth and at different leaf ages. The amount
of leaves in a sward is a very important parameter
as leaves intercept solar energy and provide
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photosynthesis. LAI values are influenced by the age
of a sward (Biimane, 2009). Our trial also confirmed
that increase in DM yield of grasses is closely
associated with leaf area increase. Initially, increase
in leaf area led to a grater biomass production, and
a significant correlation between leaf area index and
dry matter production was established in the years
2004, 2005, and 2006. It is found in the literature
that there is a significant positive correlation
between LAI and DM for tall fescue cultivars
and their intergenetic hybrids (Gaborcik, Ilavska
et al., 2006).

Leaves in herbage plants are not only the main
organ which takes part in photosynthesis, but also
a part of the harvested yield. The great influence of
sward management regime on LAI and DM yield
should also be noted. For the frequently defoliated
swards of perennial ryegrass maximum weight of
herbage harvested has been obtained between LAI
2 and 3. It has been determined that the relationship
between net canopy photosynthesis and LAI
for frequently defoliated swards is linear (King,
Grant et al., 1984). At a three-time cutting regime,
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LAI values from 2.3 to 5.8 have been observed
for festulolium ‘Perun’ (Gaborcik, Zametakova,
Rataj, 2004). Following lenient defoliation average
growth rate is lower overall, compared to frequently
defoliated swards, and growth rate may actually
decline during regrowth (Parsons, Johnson, Harvey,
1988). Defoliation intensity affect on the growth
and production of tall fescue DM has been reported
(Adamczewski, Donaghy, 2005). Other researcher
has reported that large leaf area during particular
years has resulted in a negative effect on the DM
production (Adamovich, 2002). Three cuts during
the vegetation season correspond to the lenient
defoliation regime. Our research results did not
show significant correlation between LAI and DM
production in the year 2003 when leaves aged faster
due to the dry and warm weather and the loss of green
matter in leaf turnover was higher.

Leaf area expansion leads not only to higher
dry matter production but also to greater shadow in
swards. A significant negative correlation has been
established between LAI and NPP for perennial
ryegrass sward (Biimane, 2009). Within a vegetative
sward the increase in leaf area results in the decrease
of photosynthetic capacities because of mutual
shading of leaves (Woledge, 1972; Pynme, 1986).
This is the reason why data regarding correlation
between net photosynthesis productivity and dry
matter yield production are different. Some data
indicate a significant positive correlation (Gaborcik,
Tlavska et al., 2006), but some do not confirm a
close relationship between NPP and DM production
(Daepp, Suter et al., 2000; Adamovich, 2002).

Increase in dry matter yield for grasses is closely
associated with leaf area increase, which was also
proved by the results of our trials. The increase in
leaf area resulted in the decrease of NPP indices
because of mutual shading of leaves. Relationships
between NPP and DM yields were characterised
by weak negative linear correlation in all
trial years; however, these relationships were
significant at 95% probability level
the years 2004 and 2005.

Our results showed that harvesting grasses at
the beginning of ear emergence stage extends the
regrowth period. On the one hand, it leads to increase
in biomass production close to maximum, but,
on the other hand, it decreases the photosynthesis
productivity. It is necessary to achieve the best balance
between photosynthesis and plant tissue production,
and the amount of leaf removed by grazing or
cutting (Hodgson, 1985). In Latvia, the highest NPP

only in
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values (10.2-12.7 g m*? day!) have been achieved in
24-32 days after the beginning of spring regrowth,
which was influenced by meteorological conditions
in the particular regrowth period.

Conclusion

1. Increase in grass dry matter yield was closely
related to leaf area increase. A significant
(p<0.01) positive correlation was established
between the dry matter yield and leaf area index
during regrowth period in spring till the first cut.

2. The influence of leaf area on net photosynthesis
productivity was different in different periods
of regrowth. Net photosynthesis productivity
of festulolium and hybrid ryegrass swards
decreased during the regrowth period in spring
till the first cut.

3. The highest NPP (10.2-12.7 g m? day"') for
festulolium, hybrid ryegrass and perennial
ryegrass varieties was achieved 24-32 days
after renewal of vegetation, which was greatly
influenced by the weather conditions during leaf
formation.

4. Relationships photosynthesis
productivity and dry matter yields in all trial
years were characterised by a weak negative

between net

correlation; however,
significant only in two trial years.

linear they were
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UCNONb306AHUA

Auzenairenes (XFestulolium Asch.&Graebn.) ir perspektivs kultiraugs Ziemeleiropa, kur klimatiskie
apstakli nav pietickami labveligi airenu audz@Sanai. Petijumi veikti, lai noteiktu arzemju un vietgjas
izcelsmes auzenairenu un hibrido airenu (Loliumxboucheanum Kunth.) skirnu produktivitati. Lidz pirmajam
plavumam noteikti fotosintétisko darbibu raksturojosie parametri — fotosintézes tira produktivitate (FTP) un
lapu virsmas laukuma indekss (LLI) —, ka ar to ietekme uz sausnas razu. Vegetacijas perioda sakuma notiek
strauja augu audu veidoSanas, kas savukart nodro§ina fotosintezgjosas virsmas palielinasanos un rezultata ar7
kopgjo sausnas razas palielindgjumu. To apstiprina ari miisu p&tijumu rezultati. Trijos izm&gindjuma gados
auzenairenes, hibridas airenes un ganibu airenes Skirném tika konstateta biitiska pozitiva sakariba starp LLI
un sausnas razas veidoSanos vegetacijas perioda lidz varpoSanas fazei. Palielinoties lapu virsmas laukumam,
savstarpgja noénojuma dél FTP raditaji samazinajas. Tade] dati par sausnas razas palielinajumu atkariba no
FTP ir at8kirigi. Ir p&tijumi, kuros konstatéta biitiska pozitiva korelacija starp FTP un sausnas razu (Gaborcik,
Ilavska et al., 2006), un ir arT pétijumi, kuros biitiskas likumsakaribas nav novérotas (Daepp, Suter et al., 2000;
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Adamovich, 2002). Miisu petijumu rezultati dalgji saskan ar ieprieks literatiira public€to: sakaribu starp
FTP un sausnas razu visos izméginajuma gados raksturoja vaja negativa lineara korelacija, tomer §1s sakaribas
bija butiskas 95% ticamibas Itmeni tikai 2004. un 2005. gada. Petijuma rezultati liecina, ka auzenairenu un
hibrido airenu plauja varposanas sakuma stadija, no vienas puses, nodrosina lielaku biomasas ieguvi, bet, no
otras puses, samazina FTP raditajus. Augstaka FTP tika sasniegta 24-32 dienas péc vegetacijas atjaunoSanas,
un Sos raditajus liela méra ietekméja meteorologiskie apstakli lapu veidosanas laika.
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Dazadu kartupelu Skirpu bumbulu slimibu skrinings un to nozimigums
integrétas augu aizsardzibas sistemas
The Screening of Different Potato Varieties for Tuber Diseases and Its
Importance in Integrated Pest Manegement

Inara Turka, Gunita Bims$teine
LLU Augsnes un augu zinatnu institiits
Institute of Soil and Plant Sciences, LLU
e-mail: Inara. Turka@llu.lv

Abstract. In an Integrated Pest Management system it is very important to follow all scientifically recognized
measures in order to limit plant disease problems. In this research we focused on the importance of variety
choice to decrease potato tuber diseases in integrated or biological growing systems. Data of 75 potato varieties
grown under similar Latvian agroclimatic and soil conditions were used. Potato tubers were not treated with
fungicides. The selected tolerant 20 potato varieties were evaluated against common scab Streptomyces scabies
Guss, black scab Rhizoctonia solanacearum Kiithn, powdery scab Spongospora subterranea f.sp. subterranea
Lag, and silver scurf Helminthosporium solani Durieu & Mont, as well as whether they are appropriate for
use in an integrated plant cultivation system or organic farming. Statistical analysis was done by MS Excel
data analysis tool “Correlation”. Diagnostics of tuber diseases was done by visual testing and the Bioreba and
Adgen Ltd Neogen test kits. Only 23% of the varieties had healthy tubers that had not suffered from damage
of wireworms (Agriotes spp.). Experimental data showed the phenomenon that under identical agroclimatic
and soil conditions, some varieties were more attractive for wireworm damages than others. A relationship was

established between wireworm damages and the spread of black scab (1=0.594).
Key words: potato tuber pathogens, varietal susceptibility, tolerant varieties.

Ievads

Latvija kartupelu platibas, iespgams, varctu
butiski palielinat, jo kartupelu audzétajiem ir
bagatiga pieredze §1 kultirauga audzESana. Ari
pasaules valstis, kur kartupeli nav tradicionals
partikas produkts, pieméram, Indija un Kina, sak
atzit kartupelu produkcijas ievérojamo uzturvertibu.
Ka zinams, kartupelu raza un arT kvalitate ir
atkariga gan no pielietoto mineralméslu, gan
pesticidu daudzuma. Minétie faktori tomér ir tikai
dala no kopgjas audzeSanas sist€émas, jo kartupelu
razas kvalitate ir butiski atkariga no audz€Sanas
tehnologijas un seklas kvalitates. Svarigs faktors, kas
liela méra samazina planoto razu un ko zinatnieki
atzim&jusi jau pirms vairakiem desmitiem gadu, ir
tiesi kartupelu bumbulu slimibas, $kirnu tolerance
un rezistence pret tam (Dowley, 1972). Kartupelu
bumbulu slimibas parasti ierosina augsnes patogéni,
kas pedgjos gados daudzas saimniecibas konstateti
postosa daudzuma un kas iev@rojami samazina
produkcijas tirgus vertibu. Nozimigakie augsnes
patogéni ir melnais kraupis (Rhizoctonia solani
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Kiihn), parastais kraupis (Streptomyces scabies Giiss)
un sudrabotais kraupis (Helminthosporium solani
Durieu & Mont). Jaatzimé, ka tieSi So bumbulu
slimibu ierobezosSanai fungicidu lietoSana nav Ipasi
efektiva. Kaut arT kartupelu razas ir augstas, tirgus
produkcijas iznakums reali ir ievérojami zemaks.
Dazas  kartupelu  audz@taju  saimniecibas
konstatéts lidz $§im maz pétits augsnes patogéns
Spongospora subterranea f.sp.subterranea Lag, kas
ierosina kartupelu bumbulu irdeno kraupi. Irdenais
kraupis nav jauns patogens, tas bija zinams Latvija
jau agrak, tacu vairaku desmitu gadu laika nav bijis
postigs. Irdena kraupja plasaka izplatiba ir saistita
ar s€klas materiala globalo tirdzniecibu, ka arT ar
ievérojamam klimata izmaipam. Salidzinosi siltas
ziemas augsnes patogeéni parziemo labak. Iesp&jams,
ka irdena kraupja raditie razas zudumi Latvija ir tadi
pasi ka citas Eiropas valstis — Somija, Lielbritanija,
Sveicg, Italija (Mercz, Faloon, 2009; Mercz, 2008;
Wale, 1987). Viena no pazimém, kas liecina par
inficésanos ar S. subterranea, ir stipras bumbulu
deformacijas, kas dazam Skirném ir pat loti izteiktas.
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Bez tam patogéns ir ar1 kartupelu mop-top virusa
parnésatajs, kas savukart veicina plasaku §Ts virusu
slimibas izplatibu.

Kvalitates prasibas s€klas kartupeliem nav
ietvertas kartupelu iedegas, sudrabainais kraupis
un irdenais kraupis, Iidz ar to dalgji pielaujot
nekvalitativa s€klas materiala izplatiSanu. Jaatzime,
ka fungicidu lietosana So slimibu ierobezoSanai nav
pietiekami efektiva un relativi izturigu skirpu izvéle
ir loti biitiska Tpasi integrétas audzesanas sist€émas.

Lai savlaicigi diagnostic€tu augsnes patogénu
infekcijas uz kartupelu bumbuliem, ir pieejami
dazadi lateralas plasmas testeri, piemeram,
Adgen Ltd Neogen testeri S. subterranea,
Alert LF Rhizoctonia spp. u.c. patog€nu atrakai
noteiksSanai.

Darba meérkis bija skrinét to Latvija pieejamo
kartupelu  skirpu  kolekcijas, kuras augusas
vienados agroklimatiskos un augsnes apstaklos, lai
diagnosticetu kartupelu bumbulu slimibas, noteiktu
to izturibu atkariba no Skirnes un lai noskaidrotu
potencialo Skirnu piemérotibu audz&Sanai integrétas
audzgSanas sisteémas.

Materiali un metodika

Skrinings veikts 2010. gada razai, lai izslégtu
citus, dazadu gadu, ietekmgjoSus faktorus (Manici,
Accinelli, Caputo, 2010), kuri seviski ietekme
Latvija domingjosa patog€na R. solani attistibu
(Turka, 2008). Skrininga gaita veikta paraugu
vizuala analize un atlasiti bumbuli ar redzamam
dazadu augsnes patogénu (R. solani, S. scabies,

H. solani, S. subterranea) infekciju pazimém
precizakai diagnostikai ar viena sola
imunohromotografijas  testeriem. P& Latvijas

seklkopibas noteikumiem (Kartupelu seklaudzesanas
..., 2003) ar melno kraupi inficéto séklas kartupelu
pielaujamais  daudzums s€klas materiala ir
5% no masas, ja gadijuma sklerociji parklaj vairak
neka 1/10 no kartupelu bumbulu virsmas. Ar parasto
kraupi inficeéto kartupelu bumbulu daudzums
no masas nedrikst parsniegt 5% ar nosacijumu,
ja briices aiznem vairak neka 1/3 no kartupelu
bumbulu virsmas. P&tfjuma skringjot bumbulu
patogénus, tika ieveéroti Sie kriteriji. Uzmaniba
tika pieversta ari bumbulu daudzumam, kuriem
konstatgja augSanas kroplibas un dazadus argjos
bojajumus.

Lai konstatétu iesp&jamas latentas infekcijas,
papildus vizualai bumbulu vérté$anai tika izmantota
sola imunohromotografijas metode jeb
lateralas pliismas testeri — no Bioreba un Adgen
Ltd Neogen. Metodes bitiba ir: katram patogénam

viena
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specifiski sagatavoti viena sola lateralas pliismas
imunohromatografijas testeri (lateksa plaksnites),
kuras, nonakot kontakta ar parbaudama auga sulu,
pozitivas reakcijas rezultata uzrada krasu reakciju.
ST metode izmantota kopa ar vizualo bumbulu
analizi, lai izslegtu kladiSanos dazadu simptomu
parsegSanas gadijumos.

Irdenais kraupis diagnosticéts ne tikai ar
mintajiem testeriem, bet veicot arT paraugu
mikroskopésanu, lai konstatétu snaudsporas irdena
kraupja zvaigznveida briicgés. Kopuma skrinéti 75
dazadu kartupelu Skirpu paraugi (B2 kategorijas
s€klas materials), lai noteiktu kartupelu bumbulu
slimibu izplatibu vienados agroklimatiskos un
augsnes apstaklos augusam skirném.

Uzskaititi ari  kaiteklu bojajumi bumbulos
un noteikta to saistiba ar augsnes patogénu
izplatibu, izmantojot MS Excel datu analizes riku
,,Correlation”.

Rezultati

Analizgjot kolekcijas 75 kartupelu skirnu
paraugus, konstatéts, ka tikai 32% vienados apstaklos
un viena sezona auguso Skirnu nav nekadu slimibas
pazimju. Pargjam kartupelu Skirn€m konstatgja
bumbulu infekcijas un dratstarpu bojajumus: melno
kraupi (R. solani), parasto kraupi (S. scabies),
sudraboto kraupi (H. solani) un irdeno kraupi
(S. subterranea). Kopuma melna kraupja pazimes
atrada 49.3% skrinéto Skirnpu bumbulu paraugos
(1. att.). Slimibas attistibas pakape parsniedza
10% (sklerociji vairak par 10% no bumbulu
virsmas) $adam Skirném: Agrie dzeltenie, Appel,
Bete, Brasla, Elfe, Evelin, Laimdota, Laura,
Lenora, Madara, Magdaléna, Monta, Presto,
Raja, Roberta, Sante, Valisa, Vineta un Vitara.
Ipasi augsta melna kraupja attistibas pakape bija
Skirném Agrie dzeltenie, Bete, Brasla un Lenora

(2-4. att.). Skringtas Skirnes att€los sakartotas
alfabétiska kartiba.

Ar parasto kraupi bija inficéti
38.6% Skirnu. Skrinétajam Skirném infekcijas

pakape, protams, bija atSkiriga. Augstu parasta
kraupja attistibu konstatgja tikai cetram Skirném:
Impala (25%), Mutagenagrie (72%), Sante (28%) un
Sigunda (40%).

Sudrabaino  kraupi  konstatgja 21% no
parbauditajam skirném, tomér augsta infekcijas
pakape bija tikai divam Skirném: Riviera (16%) un
Marlen (42%). Savukart irdeno kraupi konstatgja
6.7% skrin&to Skirnu.

Vairakam skirném, kuras bija auguSas vienados
apstaklos, novéroja  dratstarpu  bojajumus.
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1. att. SkrTninga konstatéto kartupelu bumbulu slimibu sastopamiba.
Fig. 1. Occurrence of potato tuber diseases during screening.
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2. att. Kartupelu melna kraupja R. solani sastopamiba dazadam skirném, % (A—E).
Fig. 2. Occurrence of potato black scab R. solani in different potato varieties, % (A—E).
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3. att. Kartupelu melna kraupja R. solani sastopamiba dazadam skirném, % (F—M).
Fig. 3. Occurrence of potato black scab R. solani in different potato varieties, % (F—M).
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4. att. Kartupelu melna kraupja R. solani sastopamiba dazadam skirném, % (N-V).
Fig. 4. Occurrence of potato black scab R. solani in different potato varieties, % (N-V).
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5. att. Dratstarpu bojajumu un melna kraupja sastopamiba, %.
Fig. 5. Occurrence of Agriotes spp. damages and infection with black scab, %.

Tika konstatEta izteikta  korelacija
starp dratstarpu (Agriotes spp.) bojajumiem un
melna kraupja infekciju (R=0.59148). Ari starp
citiem mehaniskiem bojajumiem (caur kuriem
varétu iekldit infekcija) un melna kraupja attistibu,
bija pozitiva, bet loti vaja korelacija (0.19152).

pozitiva,

Interesanti atzimét, ka seSas Skirnes vienados
apstaklos ~ audz&tai  kolekcijai  bija  Tpasi
pievilcigas dratstarpiem (5. att.), kuru raditie

bojajumi veicina R. solani infekcijas iekluasanu
bumbuli (6. att.).

Irdeno kraupi (izmantojot gan viena
lateralas plismas testerus, gan mikroskop&sanas
metodi) konstat€ja tikai piecam Skirném: Adora,
Agria, Almera, Artemiss un Fontane. Skirném
Almera, Ariella, Artemiss un Fontane konstatgja

sola
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ievérojamas bumbulu deformacijas un ari mop-top
virusa simptomus kartupelu bumbulu mikstuma.
Bitiski atzimét, ka fungicidu lietosana So slimibu
ierobezoSanai nav pietickami efektiva. Latvija
selekcionétam parbauditajam Skirn€m  irdenais
kraupis netika konstatgts.

Diskusija

Kartupelu melno kraupi, ko ierosina R. solani,
Julius Kthn aprakstijis jau pirms vairak neka
150 gadiem, tom@r joprojam literatliras avotos
R. solani tiek minéts ka griiti ierobezojams
augsnes patogéns (Rowe, 1992), par ko liecina ari
misu petijumi.

No Latvijas augu Skirpu kataloga (Latvijas augu
..., 2000) ieklautajam Skirném, 12.5% Skirnu (Agrie

57



1. Turka, G. Bimsteine

Dazadu kartupelu skirpu bumbufu slimibu skrinings

6. att. R. solani infekcijas izplatiba caur dratstarpu bojajumiem.
Fig. 6. Spread of R. solani infection through Agriotes spp. damage.

dzeltenie, Bete, Brasla, Madara, Laimdota, Lenora)
ir loti iep@migas pret melno kraupi un parasto
kraupi. Savukart péc Eiropa audzeto kartupelu datu
bazes (The European cultivated ..., 2011) tikai 9
kartupelu Skirném (Omega, Pirol, Quarta, Secura,
Tempora, Tomensa, Falea, Finka un Impala) mingta
augsta vai vid¢ji augsta neienémiba pret kartupelu
melno kraupi. ArT misu veiktaja skrininga iegitie
dati to velreiz apstiprina. Misu pétijumos, lidzigos
agroklimatiskos un augsnes apstaklos, 20 kartupelu
Skirnes bija relativi tolerantas pret visiem pétitajiem
patogé€niem. Diemzgl relativi izturigako Skirpu grupa
nevargja ieskaitit Latvija selekcionétas Skirnes. To
varétu izskaidrot ar to, ka patreizgjas selekcijas
programmas paredz izveidot Skirnes, kas ir izturigas
pret karantinas patogéniem, kartupelu lakstu puvi un
postigakajam virusu slimibam, bet neietver izturibu
pret visa veida bumbulu kraupjiem, taja skaita
melno un irdeno kraupi. legtie rezultati liecina, ka
turpmakajos gados aktuala varetu klat vispusigas
informacijas ieguve par irdena
kraupja izplatibu, jo patogéns janosaka ne tikai uz
bumbuliem, bet arT augsné. Saskana ar integrétas
audz€sanas prasibam kartupeliem (MK noteikumi
Nr. 511, 2010) audzgtajam jaizmanto pret kaitigiem

un detalizétas

organismiem izturigas vai tolerantas kartupelu
skirnes.
Secinajumi

Analizgjot kolekcijas 75 kartupelu Skirpu
paraugus, slimibu pazimes netika atrastas
58

32% vienados agroklimatiskos apstaklos un viena
sezona augusam Skirném.

Kartupelu bumbulu patogénu skrininga domingja
melnais kraupis (Rhizoctonia solani Kiihn).

Vienados agroklimatiskos apstaklos dazas Skirnes
bija loti pievilcigas dratstarpiem (Agriotes spp.). Tika
konstatéts, ka pastav pozitiva, izteikta korelacija starp
dratstarpu bojajumiem un melna kraupja infekciju
(r=0.59148).

Izmantojot gan viena sola lateralas pliismas
testerus, gan mikroskop&Sanas metodi, irdenais
kraupis tika konstatéts tikai piecam Skirném: Adora,
Agria, Almera, Artemiss un Fontane.
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Lopbariba esoSo karotinoidu raksturojums un loma piena ieguve
Carotenoids in Feedstuffs and Their Role in Milk Production

Unigunde Antone, Aleksandrs Jemeljanovs, Baiba O¥mane, Vita Sterna
LLU Biotehnologijas un veterinarmedicinas zinatniskais institats ,,Sigra”
Research Institute of Biotechnology and Veterinary Medicine ,,Sigra”, LLU
e-mail: vitasterna@inbox.lv

Abstract. Carotenoids are involved in the sensory and nutritional values of dairy products. The milk used for
consumption or dairy processing should have a high antioxidative capacity to achieve high-quality products.
Feeding is one of the most significant factors influencing cow productivity, and composition and quality of
milk. It is expected that milk from cows fed silage has higher concentration of B-carotene and a-tocopherol
than milk from cows fed hay. In grazing systems herbage maturity stage affects the amount of carotenoids
ingested and may affect carotenoid concentrations in milk. In the present study, the content of total carotenes
in different forages was analysed, and the content of 3-carotene, vitamin A and vitamin E in milk samples was
investigated. It was detected that the average content of total carotenes in feed samples of silage, haylage,
hay, grass, clover, rapeseed cake, and carrots was respectively 87.64, 7.57, 1.78, 24.06, 47.13, 2.96, and
138.95 mg kg™ of dry matter. The results of investigations showed that the content of total carotenes in pasture
grass, clover and stem-grass samples decreased from June till August. Correlation between the protein and
total carotenes content in pasture grass samples was calculated (r=0.49, p<0.05). The content of B-carotene
(131 pg LY, vitamin A (44 pg L), and vitamin E (48 pug L) in milk samples was higher when the feed
of cows had higher content of total carotenes, e.g. 830 mg per cow per day. The milk samples demonstrated an
average content of B-carotene (40 pg L), vitamin A (37 pg L), and vitamin E (35 pg L") when cows were not
provided with an optimal content of total carotenes.

Key words: cows, milk, forages, antioxidants, vitamins.

Ievads

Augu valstT karotinoidi ir plasi parstaveti; augi un
alges sintezg vairak neka 600 dazadu karotinoidu. Tie
veido galveno dabigo pigmentu grupu. Karotinoidus
var iedaltt divas lielas grupas atkariba no to
ktmiskas uzbiives. Pirmo grupu veido karotini, kas ir
ogludenrazi, kuru struktira veidota uz tetraterpenoidu
skeleta bazes ar 40 oglekla atomiem k&dg, bet otraja
grupa ietilpst ksantofili, kuru strukttiras vél papildus
ietilpst skabeklis hidroksil-, metoksil-, karboksil-,

keto- wvai epoksidgrupu forma (Ositis, 2005;
Wilska-Jeszka, 1997). Pigmentu krasa rodas,
pateicoties  Sajos  savienojumos ietilpstoSo
konjugéto  dubultsaisu  klatbiitnei. Jo  vairak
dubultsaiSu, jo sarkanaka krasa. Ksantofili, karotini
un likopéns veido attiecigi dzelteno, oranzo
un sarkano krasojumu (Wilska-Jeszka, 1997).

No augiem tie lielaka vai mazaka méra pariet
dzivnieku valsts produktos — vairak olu dzeltenuma,
mazak atgremotajdzivnieku piena un kermena
taukos. Karotinoidi organisma pilda vairakas

60

biologiskas funkcijas. Pieméram, B-karotins, kas ir
viens no visnozimigakajiem karotinoidiem, ir gan

provitamins A vitaminam, gan iminsisteémas
stiprinatajs, un tam piemit arl pretvéza un
antioksidativa iedarbiba (Kumaresan, Murugan

et al., 2008). Tas ir pieskaitams pie tieSajiem
antioksidantiem, reag€ ar peroksiradikaliem,
veidojot  produktus, kuri nesp&  turpinat
oksidacijas procesu ke&di, ka ar saista singleto
jeb aktivéto skabekli, tadgjadi palidzot aizkavét
fotooksidacijas izraisitu partikas u.c. produktu
bojasanos (Chow, 1991). Pietickams nodrosinajums
ar karotinoidiem bariba sekm& govs tesmena
veselibu.  Atseviski apstiprina
korelaciju starp A vitamina un B-karotina saturu
govs asinis un tesmena veselibu (Chew, Hollen
et al., 1982), bet citi biitiskas sakaribas nenovéro
(Oldham, Eberhart, Muller, 1991). Veiss (Weiss,
2010) skaidro, ka p&c patogéno mikroorganismu
ieklGSanas tesmeni sakas ickaisuma reakcija;
tas laika butiski palielinas iman$tnu izdalito

pétijumi cieSu
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reag@tspejigo  skabekla metabolitu  daudzums,
kas imtGn$tinam palidz iznicinat patog€nos
mikroorganismus. Ja iminstinas antioksidantu

kapacitate nav pietickama, samazinas to dzivotspgja
un sakas infekcija, vai ar ta pastiprinas.

Vairakos pétijumos secinats, ka tadi antioksidanti
ka a-tokoferols un karotinoidi var tikt iesaistiti piena
sint€ze, tadgjadi uzlabojot piena oksidativo stabilitati
(Granelli, Barrefors etal., 1998; Havemose, Weisbjerg
et al.,, 2004). Edinasana ir galvenais faktors, kas
nosaka karotinoidu saturu govs piena un asinis, tomer
to ietekm@ arT govs Skirne, laktacija, fiziologiskais
stavoklis, produktivitate un laktacijas periods
(Noziere, Grolier et al., 2006), ka ari geografiska
atrasanas vieta un sezona (Weller, Marley, Moorby,
2007). Neskatoties uz to, ka augos ir sastopama liela
karotinoidu dazadiba, atgremotajdzivnieku bariba
tie noteikti ne vairak ka desmit, un kvantitativi
vissvarigakie ir [-karotins un luteins (Noziere,
Graulet et al., 2006).

Zinatniskaja literatiira public€to p&tfjumu rezultati
par slaucamam govim iz&dinatas baribas ietekmi uz
piena karotinoidu un tokoferolu sastavu apkopoti
1. tabula. Jasecina, ka |oti atSkiras karotinoidu saturs
lidzigos baribas lidzeklos, kas atkarigs gan no augu
augSanas apstakliemunbaribas lidzeklu sagatavosanas
veida, gan petljuma izmantotas analizes metodes.
Pieméram, noteikts, ka P-karotina saturs siena
katstures perioda beigas veidojis 11 mg kg sausnas
(Noziere, Grolier etal., 2006) un 41.6 mg kg™ sausnas,
kas izméginajuma divos mé&neSos samazindjies
lidz 20.8 mg kg' sausnas (Havemose, Weisbjerg
et al., 2006). Attiecigi piena B-karotina saturs bijis
62 png L', bet otra pétijuma tas samazinajies no
445 1idz 264 pg L. BieZi vien antioksidantu saturs
piena tiek analizéts, nenosakot karotinoidu saturu
bariba, vien noradot, kadi baribas lidzekli tiek
iz&€dinati. P&tjumi veikti dazadas valstis ar tajas
turétajam govju Skirném un izedinot atSkirigus
baribas lidzeklus, tade] arT B karotina saturs piena
loti at$kiras. Pamatojoties uz iepriek§ teikto, dati
nav pilniba piemérojami Latvijas apstakliem baribas
karotinoidu satura izvert€Sanai un baribas devu
aprekinasanai.

Karotina diennakts normativi: cietstavosam
govim — 50 mg katra kilograma baribas sausnas;
slaucamam govim — 30 mg uz 100 kg dzivmasas
un 15-20 mg kg' slaukta piena (Ositis, 2005).
Nacionala Zinatnu Padome (ASV) iesaka ar
baribu govij nodrosinat vismaz 300 mg B-karotina
diena, jo optimalai tesmena veselibai [B-karotina
saturam asinis vajadz&tu bt vairak neka 3 mg L
(Nutrient Requirements ..., 2001). Karotina
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izmantoSanas salidzinosa efektivitate dzivniekiem
mainas atkariba no A vitamina Iimena baribas
devas, ka arT no karotina avota un citiem faktoriem.
Liela nozime karotinu biologiskaja aktivitate ir
arT to Kkimiskajai struktirai. Ievérojami aktivaki
ir trans- neka cis-izoméri (geometriskie izoméeri)
(Bekers, Jakobsons wu.c., 1973). Neapstradatos
augu produktos karotinoidiem parasti sastopama
visu dubultsaiSu trans-konfiguracija. Parstrades
un  uzglabasanas laika var notikt  saiSu
izomerizacija un, veidojoties cis- konfiguracijas
saitém, produkti pakapeniski var zaudét krasu
(Wilska-Jeszka, 1997).

Tiek uzskatits, ka ganibu zale karotinoidu
saturs ir pietickams, lai nodroSinatu govis ar
tik loti nepiecieSamajiem biologiski aktivajiem
savienojumiem; diemze€l kitstures periodam
sagatavotajos baribas lidzeklos to saturs nav
pietickams. Biezi vien, sastadot baribas devas
slaucamajam govim, karotinu saturs bariba vispar
netiek izvertets. Tade] misu petijumu merkis bija
izvertét slaucamo govju €dinasana biezak izmantoto
baribas lidzeklu kopg&jo karotinu saturu un to ietekmi
uz piena sastavu.

Materiali un metodes

Lopbaribas un piena analizes tika veiktas LLU
Biotehnologijas un veterinarmedicinas zinatniska
institdta ,,Sigra” Biokimijas un mikrobiologijas
zinatniskaja laboratorija no 2009. gada Iidz
2010. gadam. Analizéti slaucamam govim
sagatavotiec baribas lidzekli no sesam Latvijas
saimniecibam  Siguldas, Smiltenes un Ogres
novados.

Kopuma kitstures perioda beigas (februari—
april1) analizeti 37 skabbaribas, 13 skabsiena, 6 siena,
3 rapSu rausu un 5 burkanu paraugi, un ganibu
perioda — 11 ganibu zales, 9 sarkana abolina
(Trifolium pratense) un 8 stiebrzalu maisTjuma
paraugi (jUnija—septembrT). Stiebrzalu maisTjuma
aptuvenais sastavs: 35% timotina (Phleum pratense),
35% ganibu airenes (Lolium perenne tetraploid)
un 30% plavu airenes (Festuca pratensis). Lai
izvertetu kopgjo karotinu satura izmainas ganibu
zal€ visa ganibu perioda laika, tika ievakti pa vienam
paraugam sarkana abolina, stiebrzalu maisijuma
un dabigo ganibu zales 8., 12., 15., 18., 25. un
29. junija, 8. julija, 31. augusta un 7. septembri.
Bariba noteikts sausnas, proteina, koptauku un
kopgjo karotinu saturs.

Lai izvertétu ar baribu uznemta karotinoidu
daudzuma ietekmi uz piena antioksidantu sastavu,
kiitstures perioda tika analiz&ti 8 un ganibu perioda
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1. tabula / Table 1

Literatiira aprakstito pétijjumu apskats par édinasanas ietekmi uz piena antioksidantu saturu
Rewiev of the investigations about feed influence on the content of antioxidants in milk

Antioksidantu saturs bariba /
Content of antioxidants in

Antioksidantu saturs piena /
Content of antioxidants in milk

Izadingta barba/ rl;ar]i“fs’ « t;kolier_?ls’ Petijums /
Feeding %8 £ %5 B-karotins/ a-tokoferols / Luteins / Source
sausnas / sausnas / .
B-carotene, a-tocopherol,  Lutein,
B-carotene,  o-tocopherol, L L L
mg kg dry mg kg ng ng ug
matter dry matter

Zales—abolina
skabbariba / 13.10.1 11.1£2.3 440423 472433 - Havemose,
Grass—clover silage Weisbjerg et
;‘ae;“ / 416208 13.8+0.1 445246 50448 - al., 2006
Zales sl.<abbar1ba/ _ B 69776 854431 1941 Havemose,
R bbb Weisbjerg et
Corn silage — - 223425 375+12 3+£1 al., 2004
Kitstures perioda / 156
Indoor period B (3.9) B Iofdo’
Ganibu perioda / 232 ndren,
Outdoor period N (5.8) N 2003
Zales skabbariba / 133 .
Grass silage 31 (3.64) B Noz'lere,
Sions 7 62 Grolier et
Hay 11 (1.7) - al., 2006
Kitstures perioda /
I ; - - (5.5-6.3)  (23.1-23.9)  (0.4-0.5) Butler,

ndoor period .
Ganibu perioda / Nielsen et
Outdoor period - - (6.0-9.3) (21.4-32) (0.5-1.1) al., 2008
,(iar,l_TPu zale _ Calderon,
Janija-augusta/ 22.6-793 - 154-191 - 05-0.7  Tornambe et

asture grass,
June—August al., 2006
Kukuriizas skabbariba,
blakusprodukti,
koncentratu maistjums
konvencionalajas
saimniecibas /
Corn silage, (3.7£0.2) (20.3+0.4)
byproducts, concentrate
mixture in farms
of conventional
production system
Ganibu zale, graudaugi,
zales skabbariba Slots, Butler
biologiskajas et al., 2009
saimniecibas /
Pasture grass, cereals, (4.3£0.3) (21.0+0.5)
grass silage in farms
of organic production
system
Ganibu zale
ekstensivajas
saimniecibas / (9.30.5)  (32.040.8)

Pasture grass in farms
of extensive production
system

Piezime. Lielums iekavas noradits pg g' tauku. / Note. The amount in brackets is expressed in ug g™ of fat.
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4 koppiena paraugi. Koppiena paraugi nemti divas
saimniecibas, kur katra no tam tika tur€ts ap simts
slaucamo govju. Kiitstures perioda viena saimnieciba
no karotinoidus saturoSiem baribas lidzekliem tika
izédinata skabbariba un siens, bet otra — skabbariba,
burkani un lopbaribas saknes. Ganibu perioda viena
no saimniecibam govis atradas ganibas, bet otra tas
tika turtas kiitt un tam iz&dinaja pievesto baribu.

Piena tika noteikts proteina, tauku, B-karotina,
A vitamina un E vitamina saturs.

AnaliZu metodes lopbaribas paraugiem

Sausnas saturu paraugos noteica, zav&jot tos
60 °C 18 stundas, lai nerastos kopgjo karotinu satura
zudumi;

Proteina satura aprékinasanai lopbaribas paraugos
ar Kjeldala metodi noteica slapekla saturu, ko
reizindja ar koeficientu 6.25 saskana ar LVS EN ISO
5983-1-2005 metodi;

Kopgjo tauku saturu noteica ar Soksleta metodi
ISO 6492:1999(E);

Kopgjo karotinu saturu noteica, tos ekstraggjot
no 3 g parauga ar 50 mL petrol&tera un fotometr&jot
uz FEK-56 M pie vilna garuma 450 nm saskana ar
I'OST 13496.17-95 metodi.

AnaliZu metodes piena paraugiem

Piena tauku un olbaltumvielu saturu noteica ar
infrasarkano staru spektrometrijas metodi ISO 9622-
1999, izmantojot iekartu Milcoscan.

Vitamina A, vitamina E un [-karotina satura
noteikSanai veica lipidu ekstrakciju: 10 mililitriem
piena pievienoja 10 mL
5 mL heksana/toluola maisijuma (10/8), centrifuggja
5 min ar 2800 apgr. min"' 4 °C temperatiira. Augs€jo
lipidu slani parnesa mégeng un atlikusajam paraugam
pievienoja 3 mL heksana/toluola
centrifug€ja un atdalija augs€jo slani un atlikuSajam
paraugam vélreiz pievienoja 3 mL heksana/toluola
maisijuma. Mggené savakto ekstraktu ietvaicgja
ar slapekli 40 °C temperatiira. M&genei ar sauso
atlikumu pievienoja 5 mL butiléta hidroksitoluola

izopropanola  un

maisfjuma;

2. tabula / Table 2

Kop@jo karotinu saturs baribas lidzeklos
The content of total carotenes in feedstuffs

Kopgjo karotinu saturs, mg kg sausnas / Tauku  Proteina
Baribas Content of total carotenes, mg kg! dry matter saturs / saturs /
lidzekli / n  vidgja  standart-  minimala  maksimala Fat Protein
Forage vértiba/  novirze/  vértiba/ vértiba / content,  content,
average STD minimum maximum % %
64 Kitstures periods / Indoor period
Skabbariba / 37 87.64 55.47 7.54 163.57 5.39 11.03
Silage
Skabsiens / 13 757 7.13 0.42 12.84 3.74 12.00
Haylage
Siens / 6 178 1.82 0.01 3.60 187 658
Hay
Rapsu rausi / 2.96 336 0.01 6.62 13.26 31.68
Rapeseed cake
Burkani / 5 13895 83.04 13.35 221.75 0.24 0.87
Carrots
28 Ganibu periods / Outdoor period
Ganibu zale / 24.06 15.58 10.28 46.34 3.12 12.79
Pasture grass
Sarkanais
abolins / 9 47.13 30.23 10.05 88.21 3.56 17.82
Red clover
Stiebrzalu
maistjums / 8 2517 11.59 11.44 39.36 276 9.20
Stem-grass
mixture

Piezime. Kopgjo karotinu saturs Cetros no seSiem analiz&tajiem paraugiem bija zemaks par noteikSanas robezu — 0.01. /
Note. In four of six samples the content of total carotenes was lower than detection limit — 0.01.
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metanola (2 g L") un 5 mL 2 M kalija hidroksida
Skiduma metanola (Granelli, Helmerson, 1996);
ekstraktu ietvaicgja 40 °C temperatira ar slapekli.
Sauso atlikumu izskidinaja 2 mL metanola, filtrgja
un analiz€ja ar augstas efektivitates Skidruma
hromatografu (Waters) ar fotodiozu detektoru
(Waters), lietojot apgrieztas fazes kolonnu RP C18
(150x4.6 mm). Vitamina A saturu noteica pie vilpa
garuma 325 nm, vitamina E saturu — pie vilpa
garuma 292 nm, un P-karotina saturu — pie vilpa
garuma 475 nm.

Datu statistiska apstrade tika veikta ar datu
apstrades programmu SPSS 11.0.

Rezultati un diskusija

Miisu petijuma analizéto skabbaribas, skabsiena,
siena, ka arT ganibu =zales, abolina, stiebrzalu
maisTjuma, rapsu rausu un burkanu kopgjo karotinu,
proteina un tauku saturs atspogulots 2. tabula.
Baribas lidzeklu pilnigakai raksturo$anai noraditas
arT noteiktad kop&jo karotinu satura minimalas un
maksimalas vertibas. No 2. tabulas var secinat, ka
kiitstures perioda beigas kopgjo karotinu saturs
skabbariba svarstijies no 7.54 lidz 163.67 mg kg
sausnas. L1dz1gi rezultati iegiiti arT arzemju zinatnieku
pétijumos: [-karotins abolina skabbariba veidojis
30-150 mg kg! sausnas (Jensen, 2003), bet ganibu
airenes — 31 mg kg!' sausnas (Noziere, Grolier et al.,
2006). Saskana ar Viljamsa pétijumiem par literatiiras
datiem skabbariba B-karotins vidgji veido 81 mg kg
sausnas (Williams, Ballet, Robert, 1998).

Misu pétjjumu rezultati liecina, ka iev@rojami
mazak  kopgjo
(0.42-12.84 mg kg' sausnas), ka arf siens, kur ¢etros
no seSiem marta analiztajiem paraugiem kopgjo
karotinu saturs bija mazaks par 0.01 mg kg! sausnas.
Jasecina, ka kitstures perioda beigas marta un
aprilt, iz&dinot tikai skabbaribu un sienu,
slaucamam govim nevar nodroSinat pietickamu
kopgjo karotinu daudzumu bariba. Arl rapsu
rausi satur salidzino$i maz kopgo karotinu -
vidgji 2.96 mg kg' sausnas. PEtfjuma rezultati
lauj secinat, ka burkanos karotinu saturs ari marta
vel ir salidzino$i augsts — vidgji 138.95 mg kg
sausnas, vienigi janem veéra, ka [-karotins veido
aptuveni 60% no kop&jo karotinu satura burkanos
(Osittis, 2005).

Ganibu zales paraugos kop&jo karotinu saturs
vidéji bija 24.06 mg kg' sausnas. Sezonas laika
tas mainjjas no 46.34 mg kg' junija sakuma
lidz 12.42 mg kg' augusta un bija salidzino$i zems
(1. att.). Karotina saturs augos, kuri tiek izmantoti
skabbaribas sagatavosanai, var sasniegt pat
200-800 mg kg' sausnas (Ositis, 2005). Savukart
saskana ar Calderon un lidzautoru (Calderon,
Tornambe et al., 2006) p&tijumiem Alpu ganibu zal&s
B-karotina saturs no junija Iidz oktobrim ir svarstijies
22.6-79.3 mg kg' robezas. Sie rezultati ir lidzigi
misu petijuma iegiitajiem un varétu biit izskaidrojami
ar to, ka zales paraugi nemti dabigas ganibas.

Kopgjo karotinu satura izmainas ganibu zales,
abolina un stiebrzalu maisijuma paraugos sezonas

karotinu satur skabsiens

100
®— sarkanais abolin% / red clover
5 90
2z & ®- ticbrzalu maisijums/ stem-grass mixture
g B
= E 80 = A" ganibu zale / pasture grass
\r ,ﬁﬁ 70
%f %f 60
y
3 3 50
'R
© 5 40
5 s
-
T < 30
e =
S
%8 g
S]
10
0 T T

08.06. 12.06. 15.06. 18.06.

2506. 29.06. 0807. 31.08 07.09.

1. att. Kopgjo karotinu satura izmainas zales lopbariba 2009. gada ganibu perioda.
Fig. 1. Changes in the content of total carotenes in grass forage in the 2009 outdoor period.
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laika paraditas 1. att€la. Var secinat, ka abolina
paraugos karotina saturs junija sakuma bija aptuveni
divas reizes lielaks neka stiebrzalu maisfjuma
paraugos, bet julija $o biologiski aktivo savienojumu
saturs bitiski neatSkiras. Miisu pétfjuma rezultati
liecina, ka visaugstakais kop&jo karotinu saturs
augos bija jinija sakuma, bet péc tam pakapeniski
samazinajas. Literatliras dati liecina, ka sarkanais
abolins satur par 25% vairak karotina neka kamolzale
vai ganibu airene (Chauveau-Duriot, Thomas
et al., 2005).

Attieciba uz karotinoidu saturu augos sezonas
laika literatiiras dati ir pretrunigi, jo to butiski ietekmé&
augu vegetacijas faze un ar to saistitas za]masas
bioktmiska sastava izmainas, ka arT laika apstakli un
augsne. Ta, pieméram, augsnes ielaboSana ar slapekla
méslojumu paliclina ka proteina, ta ari kopgjo
karotinu saturu zalajos augos. Iesp&jams, proteini
sekmé karotinoidu sintézes procesu (Park, Anderson
et al, 1983). Literatira mingts, ka starp kop€jo
karotinoidu un proteina saturu zales paraugos pastav
ciesa korelacija (r=0.71), bet starp kopgjo karotinoidu
un kokskiedru saturu — cie$a negativa korelacija
(r=-0.73) (Calderon, Tornambe et al., 2006).

Sakariba starp kopproteina un kopgjo karotinu
saturu Latvijas ganibu zales paraugos paradita
2. att€la. Analizu rezultati liecina par vidgji cieSu
(r=0.49, p<0.05) kopgjo karotinu satura korelaciju
ar proteina saturu paraugos. Analizgjot datus par

kopgjo karotinu satura atSkiribas nav saistamas ne
ar tauku, ne proteina saturu paraugos. Tas varétu bt
skaidrojams ar atskirigam skabbaribas sagatavosanas
tehnologijam un atskirigu vides pH, kas liela méra
ietekmé $o biologiski aktivo savienojumu zudumus
uzglabasanas laika.

No augiem absorb&tie karotinoidi sarezgitu
bioktmisku procesu rezultata nonak asins plazma,
péc tam uzkrdjas aknas un rezerves taukaudos,
no kurienes p-karotins var tikt iesaistits paSas
govs veselibas nodros§inasanas procesos vai piena
sintézé gadijuma, ja ta saturs bariba kadu laiku ir
nepietiekams (Noziere, Graulet et al., 2006). Tomer
B-karotina parneses procesi no baribas piena vél nav
pilniba izpétiti (Slots, Butler et al., 2009). Neskatoties
uz lielo ksantofilu un karotinu dazadibu lopbariba,
liellopu asinis un piena noteikti tikai [-karotins,
a-karotins un luteins (Noziere, Grolier et al., 20006).

Pasaulé veiktie pétijumi apliecina, ka, &dinot
govis ar baribu, kas bagataka ar karotinoidiem, to
saturs parasti palielinas arT piena, kaut gan STs parejas
intensitate liela méra ir atkariga ari no dzivnieku
Skirnes, baribas tauku satura un veida un vairakiem
citiem faktoriem (Havemose, Weisbjerg et al., 2006;
Noziere, Graulet et al., 2006). To apstiprina arT miisu
veikto petijumu rezultati.

Kutstures perioda analiz8tajos piena paraugos
noteikta B-karotina, A un E vitamina saturs atspogulots
3. tabula. Rezultati liecina, ka, iz€dinot skabbaribu

skabbaribas paraugu sastavu, tika secinats, ka un sienu (kop&jo karotinu daudzums diena -
100
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2. att. Sakariba starp proteina un kopgjo karotinu saturu ganibu zales paraugos.
Fig. 2. The coherence between protein and total carotene content in the samples of pasture grass.
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3. tabula / Table 3

Antioksidantu saturs govs piena atkariba no kopéjo karotinu satura bariba kiitstures perioda
The content of antioxidants in cow’s milk depending on total carotenes content in feed in the indoor
period

Kopgjo karotinu saturs bariba,

Antioksidantu saturs piena /
Content of antioxidants in milk

Baribas lidzekli / mg govij diena / - — ——
Forage Content of total carotenes in B-karotins / A Yltamlns /E Yltarplns /
feed, mg per cow per day [-carotene, Vitamin A, Vitamin E,
’ pg L pg L pg L
Skabbariba, burkani,
lopbaribas saknes / 230416 131+6 4444 48+6
Silage, carrots, (3.74) (1.26) (1.03)
forage roots
Skabbariba, siens / 40+5 3745 35+2
Silage, hay 220£10 (12) (1.1) (0.87)

Piezime. Lielums iekavas noradits pg g tauku. / Note. The amount in brackets is expressed in ug g of fat.

220+10 mg) un nenodroSinot optimalu kopgjo
karotinu saturu bariba, B-karotina saturs piena bija
tikai 40+5 pg L', A vitamina saturs — 37+5 pg L,
bet E vitamina saturs — 3542 pg L' Papildinot
baribas devu ar lopbaribas sakném un burkaniem
un tadgjadi nodrosinot 830+14 mg kopgjo karotinu
govij diena, [-karotina saturs piena sasniedza
131+£6 pg L, savukart A vitamina saturs bija tikai
nedaudz augstaks — 4444 pg L', un E vitamina
saturs — 4846 pg L. Noziere ar lidzautoriem
(Noziere, Grolier et al., 2006) secinajusi, ka, iz&€dinot
slaucamam govim sienu (B-karotina daudzums
diena - 116.6 mg), piena noteiktais
B-karotina saturs ir 62 pug L' un A vitamina
saturs — 141 pg L' Iesp&ams, ka Sie raditaji
ir augstaki tadé], ka
papildus  tika  iz&dinata  ari
piedeva, kas var€ja veicinat uzpemto biologiski
aktivo  vielu izmantoSanos  organisma, lai
tiktu  nodroSinata  dzivnieku vajadziba péc
vitaminiem A, D, un E.

Ganibu perioda veikta pétijuma rezultati liecina,
ka ganibas esoSo govju piena paraugos [-karotins
vidgji ir 58.2+5 ng L', bet kiti turéto govju piena
paraugos — tikai 26.6+2 pg L. Ganibas eso$o
govju piena paraugos ieverojami vairak ir arl
E vitamins — vidgji 254+7 pg L' piena (kifi turéto
govju piena paraugos — vidgji 16.8£2 pg L.
Kopuma jaatzimé, ka baribas sastava esoSie
loti dazadie karotinoidi katrs sava veida uzlabo
govs veselibu un vielmaigu, un tie tiek iesaistiti
sarezgitos biokimiskos procesos, ka rezultata
palielinas gan f-karotina, gan arT A vitamina
saturs piena. Tadel, runajot par piena sastavu, biitu
javerte so komponentu summa.

Saja pétijuma govim
mineralvielu
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Secinajumi

1. Skabbaribas paraugos noteiktais kopg&jo karotinu
saturs bija 7.54 lidz 163.57 mg kg' sausnas, bet
siena paraugos — 0.01 lidz 3.60 mg kg sausnas,
tapec optimalai slaucamo govju nodrosinasanai
ar B-karotinu jamekIg iesp€jas, ka ar to papildinat
baribu.

2. Junija sakuma sarkana abolina paraugos kopg&jo
karotinu saturs bija 88.21 mg kg sausnas, bet
stiebrzalu maisijuma paraugos — 39.36 mg kg
sausnas; savukart jalija So biologiski aktivo
savienojumu saturs bitiski (p<0.05) neatskiras.

3. Dabigu ganibu zales paraugos tika konstateta
vidgji cieSa korelacija (r=0.49, p<0.05) starp
kopgjo karotinu saturu un proteina saturu.

4. Kitstures perioda veikta pétjuma rezultati
liecina, ka, izédinot skabbaribu un sienu un
nenodrosinot optimalu kopgjo karotinu saturu
bariba (kop€jo karotinu daudzums diena -
220 mg), P-karotina saturs piena veidoja
tikai 40 pg L. Papildinot baribas devu ar
lopbaribas sakném un burkaniem un nodro§inot
830 mg kopgo  karotinu  daudzuma
govij  diena, [-karotina  saturs  piena
sasniedza 131 ug L.

5. Ganibas esoSo govju piena paraugos tika
konstatéts ievérojami vairak E vitamina
(vidgji 254 pg L") un B-karotina (58.2 pg L)
neka ganibu perioda kit turto govju piena
paraugos (attiecigi 168 ug L' un 26.6 pg L).
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AromatveidojoSo vielu dinamika Krievijas siera nogatavinaSana
The Dynamics of Aroma Compounds during
Krievijas Cheese Ripening

Alla Mikelsone, Inga Ciprovica
LLU Partikas tehnologijas katedra
Department of Food Technology, LLU
e-mail: Inga.Ciprovica@llu.lv

Abstract. Glycolysis, proteolysis and lipolysis occur during cheese ripening, liberating chemical compounds
that impart cheese with characteristic flavour notes. It is generally accepted that there is no individual compound
which defines cheese flavour completely, and the flavour sensation is the result of numerous compounds in the
correct proportions. Manipulation with ripening conditions such as temperature and time changes rates of
biochemical reaction of main cheese components and influences formation of product flavour due to changing
of diversity, proportions and concentrations of aroma compounds. Hence the aim of the paper was to analyse
diversity and concentrations of aroma compounds during Krievijas cheese ripening at the temperature of
6 °C and 12 °C. Aroma compounds were detected using solid phase GC/MS. The extraction of headspace
volatiles was carried out using 75 um CAR-PDMS fibre. Helwett-Packard G 1530A with a J&W Scientific DB-
Wax column (30 mx0.25 mmx0.25 um) coupled with masspectrometer Hewlett-Packard 5973 was used for
aroma compound isolation and identification. In total, 26 aroma compounds were detected in commercial and
experimental Krievijas cheeses. Analysing the concentrations of aroma compounds, differences were observed
between the cheeses and between the samples ripened at 6 °C and 12 °C. This only points to differences in
biochemical processes which are influenced also by the temperature and the qualitative and quantitative content
of microflora. As a result, the sensory properties of analysed cheeses differed considerably.

Key words: aroma compounds, Krievijas cheese, ripening conditions.

Ievads

Olbaltumvielu, laktozes un tauku parvertibu
rezultata veidojas vairaki simti dazadu kimisku vielu,
kuras piedalas siera gar$as un aromata veidoS$ana.
So vielu daudzveidiba, koncentracija un savstarpgja
mijiedarbiba nosaka siera sensoras IpaSibas un
to intensitati. Turklat siera vides faktori, proti,
pH, tdens aktivitate, sals saturs un oksidéSanas—
reducésanas potencials, ietekmé& biokimisko reakciju
norises atrumu siera nogatavinasanas laika, t.sk.
mikrofloras iniciétas izmainas. Mazakas novirzes
no siera tehnologija noteiktajiem parametriem, t.sk.
nogatavinasanas temperatiira un ilgums, var novest
pie garSas un smarzas nesabalansétibas produkta,
ka arT konsistences atskirtbam (Singh, Drake,
Cadwallader, 2003). Siera sensoro Tpasibu veido$anas
galvenokart notiek nogatavinasanas laika, [idz ar
to biokimisko procesu atrumu un aromatveidojoso
vielu daudzveidibu un koncentraciju nosaka izveletie
nogatavinasanas apstakli, lietota ierauga sastavs un
siera mikroflora.

LLU Raksti 26 (321), 2011; 69-76

Apkopojot iepriekSminéto, darba mérkis bija
analizét aromatveidojoSo vielu daudzveidibu un
koncentracijas, nogatavinot Krievijas sieru 6 °C un
12 °C temperatiira.

Materiali un metodes
Darba analizéts Krievijas siers. Komercialais

Krievijas siers ,Limbazu” iegadats
mazumtirdznieciba. Savukart eksperimentala
nenogatavinata Krievijas siera paraugi sanemti

no a/s ,,Rigas piena kombinats” un pec saliSanas
nogadati LLU Partikas tehnologijas katedras Piena
un galas produktu kvalitates laboratorija, kur
tos talak sagatavoja nogatavinaSanai — iepakoja
termosaraukuma pléveé vakuumiepakojuma.
Eksperimentalie paraugi 60 dienas tika
nogatavinati 6 °C un 12 °C temperatira LLU
Partikas  tehnologijas  katedras  laboratorijas.
Izveletas nogatavinaSanas temperatiiras pamatotas
ar Latvijas sieru razoSanas tradicijam un pé&tniecisko
rakstu atzinam (Fox, McSweeney et al., 2004)
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1. att. Krievijas siera paraugos identificétas brivas taukskabes un to koncentracijas.
Fig. 1. Free fatty acids and their concentrations identified in Krievijas cheese samples.

par mikrofloras mainibu un tas ietekmi uz biokimisko
procesu norises atrumu (6 °C) un Krievijas siera
razo$anas tehnologija ieteiktajiem nogatavinaSanas
rezimiem (10-12 °C).

Komercialajam, nenogatavinatajam
eksperimentalajam, ka arf 30 un 60 dienas
nogatavinatajiem eksperimentalajiem siera
paraugiem tika noteiktas aromatveidojosas vielas
trijos  atkartojumos Kopenhagenas
Dabas zinatnpu fakultates Partikas zinatnes katedras
laboratorijas ar gazu hromatografu Hewlett
Packard 1530A tandéma ar masspektrometru
Hewlett-Packard 5973.

Analizes gaita:

universitates

stikla pudelite ar
tilpumu 15 mL iesvéra cCetrus gramus siera,
pievienoja 0.1 mL ieksgas standartvielas —
4-metilpentan-1-ola (50 pL L") — un cie$i noslédza
Lidz paraugus
turgja 5 °C temperatiira automatiska parauga
ievadiSanas sisttma ,,Combi Pal autosampler”
(CTC Analytics, Switzerland). Parauga kuSana
un Iidzsvara sasniegSana tvaika fazé 60 °C ilga
15 min, bet aromatveidojosSo vielu ekstrakcija uz
cietas fazes mikroekstrakcijas 75 um skiedras ar
CAR/PDMS  parklajumu (Sulpeco, Bellafonte,

ar aluminija vacigu. analizei

70

PA) — 50 min. Tvaika fazé esoSo aromatveidojoso
vielu izdaliSanai lietoja gazu hromatografu Hewlett-
Packard 1530A (Palo Alto, CA), kas aprikots ar
kapilaro kolonnu ,,J&W Scientfic DB-Wax column”
(30 mx0.25 mmx0.25 um). Krasns temperatiiru no
40 °C un parauga izturéSanu divas minites
pakapeniski palielinaja lidz 160 °C ar kapumu
6 °C min! un no 160 °C lidz 210 °C ar kapumu
10 °C min'. Detektora temperatira bija
250 °C. Nesgjgazes (helija) plismas atrums —
I mL min' bez plismas daliSanas reZima. Izol&to
aromatveidojoso vielu desorbcija ilga divas
mintites 250  °C  temperatiira. Izdalitas
aromatveidojosas  vielas  identificgja, lietojot
masas  selektivo  detektoru = Hewlett-Packard
5973. Jonizaciju veica ar 70 eV energiju
250 °C temperatira. Vielas identificEja péc
vielas masas spektru lidzibas ar masu spektru
bibliotekam, un aptuvenas aromatveidojoso vielu
koncentracijas noteica, dalot iek$gjas standartvielas
koncentracijas un aromatveidojos$as vielas smailes

laukuma reizinajumu ar ieksgjas standartvielas
smaileslaukumu.
Lai noskaidrotu pastavosas atskiribas starp

komerciala un eksperimentala, dazadas temperatiiras
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2. att. Krievijas siera paraugos identifictie ketoni un to koncentracijas.
Fig. 2. Ketones and their concentrations identified in Krievijas cheese samples.

nogatavinata Krievijas siera paraugiem, lictota
dispersijas Datu apstradei izmantota
Microsoft Excel programma. Lai varétu salidzinat
ieglitos rezultatus, att€los apkopoti tikai komerciala
un eksperimentala nenogatavinata, 30 un 60 dienas
nogatavinata siera paraugu aromatveidojoso vielu
koncentraciju dati.

analize.

Rezultati un diskusija

Siera aromata veidoSana neaizstajamas ir
gaistosas taukskabes. Tas rodas tauku metabolisma
rezultata. Gaistosas taukskabes var ietekmét siera
garSu un smarzu tiesi vai netiesi, tadgjadi kalpojot
par prekursoriem aromatveidojoso vielu
radiSana. Sieros konstatétas gaistos$as taukskabes ir
apkopotas 1. attéla.

Paraugos
heksanskabe un oktanskabe. Ta ka oglekla atomu
skaits taukskab&s neparsniedz 12, pamatojoties uz
Acree un Arn (2004) datiem, jaatzimé to loma siera
sensoro TpaSibu veidosana. NogatavinaSanas laika
tauku hidrolizes ietekmé palielinas brivo taukskabju
koncentracija, tadel 12 °C temperatiira nogatavinatajos
Krievijas siera paraugos tika konstatéts lielaks

citu

noteiktas etanskabe, butanskabe,

LLU Raksti 26 (321), 2011; 69-76

butanskabes, heksanskabes un oktanskabes saturs
neka 6 °C temperatlira nogatavinataja siera.
Salidzinot komercialaja un eksperimentalaja siera
noteiktas gaistosas taukskabes un to koncentracijas,
noskaidrots, ka  butanskabes  koncentracija
nepastaveja butiskas atSkiribas (p>0.05). Atskiribas
konstatgtas tikai heksanskabes un oktanskabes satura.
Bez taukskabém sieros noteikti  ketonu
parstavji, to vidi — propan-2-ons, butan-2-ons,
pentan-2-ons, diacetils, acetoins, heptan-2-ons un
nonan-2-ons (2. att.). Tie siera smarzu papildina ar
ziedu un auglu notim (Fox, McSweeney et al., 2004).
Lielaka dala noteikto ketonu veidojas no
B-ketoskabém, un to uztverSanas slieksnis ir no
0.01 lidz 10 mg kg' (Tunick, 2007; Acree, Arn,
2004). Diacetila veidosanas laktozes un citratu
parvertibas notiek ierauga pienskabes bakteriju
ietekm@. Diacetils ir viens no nozimigakajiem
aromatveidojosiem savienojumiem Cederas siera.
Tas produkta garSu papildina ar riekstu un sviesta
aromata nians€m (Curioni, Bosset, 2002). Diacetils
ir arT prekursors acetolna veidoSana. Wilkinson
un Kilcawley (2007) uzsver ierauga un netipisko
pienskabes baktériju sp&ju veidot diacetilu, acetoinu
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3. att. Krievijas siera paraugos identificétie spirti un to koncentracijas.
Fig. 3. Alcohols and their concentrations identified in Krievijas cheese samples.

un butan-2-onu Goudas sierd citratu parvertibu
rezultata.

Heptan-2-ons un nonan-2-ons sieros var veidot
auglu, ziedu vai pelgjuma aromatu koncentracijas
no 0.01 lidz 10 mg kg' (Curioni, Bosset, 2002).
12 °C temperatiira nogatavinataja Krievijas siera

konstatéta lielaka nonan-2-ona koncentracija,
bet 6 °C nogatavinataja parauga - lielaka
heptan-2-ona koncentracija. Analizétajos sieros

noteiktas heptan-2-ona (4.70 lidz 8.49 pg kg') un
nonan-2-ona (2.71 lidz 6.74 pg kg') koncentracijas
bija loti mazas, Iidz ar to iepriekSminétas sensoras
1pasibas sieriem nodro§inat nevar. Collins ar
ltdzautoriem (Collins, McSweeney, Wilkinson, 2004)
konstatgjusi pakapenisku heptan-2-ona un nonan-
2-ona koncentracijas pieaugumu Cederas siera
nogatavinasana.

Misu pétijuma bitiskas atskirtbas (p<0.05)
analiz@tajos sieros noteiktas ar diacetila un pentan-
2-ona koncentracijas. Acetoina, propan-2-ona un
butan-2-ona netika  konstatStas
atskiribas starp komercialo sieru un 6 °C temperatiira
nogatavinato paraugu. Tas nozimé, ka komerciala
siera nogatavinasana netika praktizéta 60 dienas vai
arT nogatavinasana veikta temperattras, kas zemakas
par 10-12 °C.

koncentracijas

72

Paraugos tika noteikti arT dazadi spirti. Tie veidojas
oglhidratu, olbaltumvielu un tauku parvertibas un
pieskir sieram saldu, tauku, alkohola vai riigtenu
smarzu (Singh, Drake, Cadwallader, 2003; Fox,
Guinee et al., 2000; Molimard, Spinnler, 1996).

Krievijas siera paraugos identificétic spirti
paraditi 3. attéla. 3-metilbutan-1-olu konstatgja
tikai komercialaja Krievijas siera. Savukart
pentan-1-ola klatbiitne noteikta komercialaja un
6 °C temperatlira nogatavinataja Krievijas siera.

Etanols, kas tika konstatéts visos Krievijas siera
paraugos, biezi vien uzskatams par pamatspirtu
produkta. Ta nozime siera garSas un smarzas
veidoSana ir ierobezota. Visbiezak etanols kalpo
par izejvielu talakajas esterifikacijas reakcijas.
Dispersijas analize paradija, ka starp Krievijas
sieriem  pastav  bitiskas  atSkiribas  etanola
koncentracijas. Lielakais etanola saturs noteikts
komercialaja siera. Eksperimentalajam sieram
lielaka etanola koncentracija konstatéta 12 °C
temperatiira nogatavinataja parauga. Savukart
butan-2-ols tika uztverts tikai 12 °C temperatiira
nogatavinatos Krievijas siera paraugos. Dazi autori
norada uz netipisko pienskabes baktériju sp&ju
no acetoina veidot butan-2-onu un butan-2-olu
(Hannon, Kilcawley et al., 2006). Augsta noteikta
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4. att. Krievijas siera paraugos identifictie aldehidi un to koncentracijas.
Fig. 4. Aldehydes and their concentrations identified in Krievijas cheese samples.
butan-2-ola koncentracija apliecina netipisku Acetaldehids ir uzskatams par piruvata

pienskabes baktériju strauju vairoSanos sieros,
nogatavinot tos 12 °C temperatira (Mikelsone,
Ciprovica, 2009).

Misu  pétfjuma sieros tika  identificéti
ari  aldehidi, to wvidi -  acetaldehids,
nonanals,  3-metilbutanals, benzaldehids wun

fenilacetaldehids (4. att.).

Saskana ar Qian un Burbank (2007) datiem
aldehidi veidojas taukskabju autooksidésanas cela,
bet dazi sazarotas kédes aldehidi — no aminoskabém
Strecker degradacija. Saskana ar Acree un Arn (2004)
petijumiem aldehidiem ir zems uztverSanas slieksnis,
tapéc tie uzskatami par galvenajiem aromata
veidotajiem siera.

Sieros konstatStais 3-metilbutanals veidojas no
leicina, piedaloties Lactococcus lactis fermentiem
(Christensen, Dudley et al., 1999; McSweeney,
Sousa, 2000). Avsar, Karagul-Yuceer et al. (2004)
zino, ka 3-metilbutanals sieros asocigjas ar riekstu
smarzu. Miisu pétfjuma siera nogatavinasanas beigas
3-metilbutanals netika konstatéts 12 °C temperatiira
nogatavinata parauga, bet starp komerciala un

6 °C temperatiira nogatavinata eksperimentala
siera koncentracijam butiskas atSkiribas
nepastaveja (p>0.05).
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metabolisma produktu siera, un tas var veidoties
ari no triptofana Lactococcus spp. darbibas
rezultata. Talak acetaldehids var tikt reducéts lidz
etanolam (Christensen, Dudley et al. 1999; Fox,
Guinee et al., 2000). Vielas koncentracija bitiski
atSkiras komercialajam un zemaka temperatira
nogatavinatajam eksperimentalajam sieram, bet
12 °C nogatavinataja siera acetaldehids konstatets
netika. Acetaldehidam atkariba no koncentracijas
piemit salds vai ass, bet nonanalam — zalas zales
aromats (Singh, Drake, Cadwallader, 2003; Fox,
Guinee et al., 2000).

Nonanals veidojas no nepiesatinatam taukskabem
B-oksidésanas laika. Ta koncentracija eksperimentalo
paraugu nogatavinasanas laika praktiski nemainijas,
ka arT netika konstatétas bitiskas atSkiribas nonanala
koncentracija starp komercialo un eksperimentalo
sieru.

Benzaldehidam un fenilacetaldehidam siera ir
raksturiga mandelu un rozu smarza. To veidoSana
piedalas triptofans un fenilalanins (Christensen,
Dudley et al., 1999). Fenilacetaldehida koncentracijas
bija vErojams abas temperatlras
nogatavinatajos sieros. Koncentracija mainijas
straujak 12 °C temperatlira nogatavinatajos Krievijas

pieaugums
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5. att. Krievijas siera paraugos identificéto esteru, laktonu un s€ru saturosas vielas un to koncentracijas.
Fig. 5. Esters, lactons, sulphur compounds and their concentrations identified in
Krievijas cheese samples.

siera paraugos. Tas norada uz proteolizes atrumu, kas
palielinas, pieaugot nogatavinasanas temperatiirai
(Guinee, Wilkinson et al., 2001).

Krievijas sieros identificétie esteri, laktoni un séru
saturosie savienojumi paraditi 5. attgla.

Esteri, kuru veido$ana piedalas taukskabes un
etanols, tika identificeti visos analizétajos Krievijas
sieros. Esteri sieram pieskir ziedu vai auglu garSu
(Singh, Drake, Cadwallader, 2003; Molimard,
Spinnler, 1996).

Lielaka etilacetata koncentracija tika noteikta
siera nogatavinasanas vidd. Talaku etilacetata
koncentracijas samazinajumu Iidz nogatavinasanas
beigam var skaidrot ar ta izmantoSanu citas
reakcijas. Eksperimentalo sieru nogatavinasanas
beigas etilacetats netika konstatéts. Savukart
komercialaja Krievijas siera etilacetata koncentracija
bija 0.003 pg kg™

Pretgji etilacetatam, etilbutirata koncentracija
siera nogatavinasanas laika pakapeniski paliclinajas.
Straujaku picaugumu novéroja augstaka temperatiira
nogatavinata siera, kas norada wuz
temperatiiras nozimi biokimisko procesu regulésana.

izvéletas
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NogatavinaSanas beigds nepastavéja bitiskas
atSkiribas etilbutirata koncentracija starp komerciala
un 12 °C temperatlira nogatavinata eksperimentala
Krievijas siera paraugiem.

Paraugos tika konstatéts arT dimetiltrisulfids, kas
veidojas metantiola oksidéSanas rezultata (Bonnarme,
Psoni, Spinnler, 2000; McSweeney, Sousa, 2000)
un produkta asociGjas ar kiploku smarzu. Zema
uztverSanas sliek$pa dé] dimetiltrisulfids ietekmé
siera garS$as un smarzas veidosanos (Curioni, Bosset,

2002). Vislielaka dimetiltrisulfida koncentracija
tika noteikta komercialaja  Krievijas  siera.
12 °C temperatira nogatavinatajos Krievijas
siera paraugos ta paliclindjas nogatavinasanas
laika, bet 6 °C nogatavinataja siera —
samazinajas.

O-dekalaktons  un  d-dodekalaktons  tika

identificti visos paraugos. Sieros laktoni veidojas
no hidroksiskabém intramolekulara esterifikacija.
Saskana ar Acree un Arn (2004) datiem
d-dekalaktons un 9d-dodekalaktons ir uzskatami
par svarigakajiem laktoniem siera. P&tnieki
uzsver, ka to uztverSanas slieksnis svarstas no

LLU Raksti 26 (321), 2011; 69-76
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0.1 Iidz 3 mg kg!. Produkta smarzas buketi laktoni
papildina ar auglu notim.
Laktonu koncentracija siera nogatavinaSanas

laika  pakapeniski  palielinajas:  palielinoties
nogatavinasanas dienu skaitam, paaugstinajas
ari  laktonu  koncentracija.  Savukart siera

nogatavinasanas temperatiiras ietekme uz laktonu
koncentracijas paaugstinaSanos nebija butiska.
Nogatavinasanas beigas laktonu koncentracijas
analiz€tajos sieros bija lidzvertigas.

Analizgjot aromatveidojoso
koncentracijas komercialaja un eksperimentalaja
siera, atSkiribas bija vE€rojamas gan noteikto
savienojumu koncentracija, gan to satura dinamika
dazadu nogatavinasSanas temperatiru ietekmé.
Tas tikai norada wuz biokimisko procesu
norises atSkiribam, ko sekm& gan izvEléta
nogatavinasanas  temperatiira, gan  ilgums.
Ta rezultata raduSies savienojumi ieverojami
ietekm@ siera sensoros raditajus. Turklat jauzsver,
ka radusos savienojumu koncentracija
neatsverama loma ir mikrofloras daudzveidibai
un kvantitativajiem raditajiem, kas, tapat ka
aktualiz&ta nogatavinasanas temperatiira, ietekmé
aromatveidojoso savienojumu parstavniecibu un
saturu tajos.

vielu

Secinajumi

1. Bitiskas atSkirtbas starp komercialo un
eksperimentalo  sieru  konstatétas  brivo
taukskabju — heksanskabes un oktanskabes —
satura.

2. Atskiribas starp komercialo un

eksperimentalo sieru ketonu satura norada, ka
mazumtirdznieciba iegadatais produkts bija
nogatavinats Krievijas sieram neatbilstosa
temperatiira vai nepietickamu laiku.

3. Atskiribas aldehidu, esteru un s€ru saturoSo
savienojumu satura konstatetas ne tikai starp
komercialo un eksperimentalo sieru, bet ari
starp dazadas temperatiiras nogatavinatajiem
Krievijas siera paraugiem.

4. Atskiribas noteikto aromatveidojoso
sastava un koncentracija skaidrojamas ar
bioktmisko procesu norises atrumu ierauga
un siera producéto
ietekmé nogatavinasanas laika = dazadas
temperatiiras.  AtSkiribas  izpaudas  siera
garSas, smarzas un konsistences intensitate
un radija atSkirigu sensoro raditaju buketi
Krievijas siera.

vielu

mikrofloras fermentu
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The Effects of Some Premedication and General Anesthesia Drugs on
Intraocular Pressure and Pupil Diameter in Dog’s Eyes
Acs iekséja spiediena un acs zilites diametra izmainas suniem dazu
premedikacijas un visparejas anestezijas Iidzeklu ietekme

Liga Koval¢uka, Edite Birgele
Preclinical Institute, LLU
LLU Prekliniskais institiits

e-mail: kovalcuka@gmail.com

Abstract. The objective of the study was to determine the effects of the premedication and general
anesthesia combination on intraocular pressure (IOP) and horizontal pupil diameter (HPD) in dog’s eyes.
Ten dogs of different age and sex were used, and all animals were approved for a planned surgery — castration or
ovariohisteroectomy. For premedication, the combination of 0.1% atropine sulphate and 1% acepromazine
maleate solution was used intramusculary, but for general anesthesia — 10% ketamine hydrochloride together
with 0.5% diazepam solution was used intravenously. Ten clinically healthy dogs with a similar weight
and age were used as a control. Instead of premedication and general anesthesia, 0.9% NaCl solution
was injected. It was established that the combination of atropine sulphate and acepromazine maleate causes
irregular changes in the intraocular pressure. A significant and rapid IOP increase was obtained in both eyes
immediately after intravenous injection of general anesthesia — combination of ketamine hydrochloride
and diazepam. Premedication induces small and fluctuating changes in the horizontal pupil diameter in both
eyes, but ketamine hydrochloride together with diazepam significantly increased it. The premedication and
general anesthetic drugs cause a significant increase in the intraocular pressure, therefore their administration
in dogs should be considered in various eye pathologies.

Key words: premedication, general anesthesia, dog, intraocular pressure, horizontal pupil diameter.

Introduction

Atropine sulphate and acepromazine maleate as
a premedication, and general anesthetics — ketamine
hydrohloride together with diazepam — are commonly
used in veterinary medicine.

To develop a model of general anesthesia for
ophthalmic surgery, a constant cardio-pulmonary
function and intraocular pressure (IOP) should be
considered as important (Brunson, 1980; Collins,
Gress et al., 1995).

Some drugs, including general anesthetics, may
affect the intraocular pressure. In human medicine,
general anesthetics and some premedication drugs
decrease intraocular pressure and reduce the pupil
diameter, causing miosis, with the exception of
ketamine hydrochloride, which, on the contrary,
increases the IOP and causes dilation of the pupil —
mydriasis (Hahnenberger, 1976; Frischmeyer, Miller
et al., 1993; Verbruggen, Akkerdaas, Hellebrekers,
2000; Vanags, Sondore, 2008).

LLU Raksti 26 (321), 2011; 77-83

Atropine sulphate is normally used in
premedication in the combination with acepromazine
maleate to minimize or prevent vagal effects that may
induce bradycardia. Also these drugs reduce potential
smooth muscle spasms, gastrointestinal motility and
secretion, salivation and animal respiratory secretion,
aswellasdecreasethetearproductionduringanesthesia
and in awake (Thurmon, Trangcuilli, Benson, 1996;
Vanags, Sondore, 2008). Overall, the administration
of atropine sulphate decreases intraocular pressure
(Hahnenberger, 1976; Frischmeyer, Miller et al.,
1993; Verbruggen, Akkerdaas, Hellebrekers, 2000),
or it does not cause significant changes in intraocular
pressure (Vanags, Sondore, 2008).

Atropine sulphate together with acepromazine
maleate is widely used to calm the animal, to gain a
faster sleap and muscle relaxation, and also to prevent
vomiting and spontaneous movement of the animals
during surgery (Thurmon, Tranqcuilli, Benson, 1996).
Acepromazine maleate blocks a-adrenoreceptors in
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vascular walls, dilates blood vessels, and decreases
arterial pressure (Muir, Werner, Hanalin, 1975;
Thurmon, Tranqcuilli, Benson, 1996).

Regarding the effects of acepromazine maleate
on the intraocular pressure, studies in dogs have
shown that acepromazine given intramuscularly
in combination with morphine hydrochloride does
not cause significant changes in IOP 10 or even
25 minutes after injection (Stephan, Vestre et al.,
2003). However, the effects of the atropine sulphate
and acepromazine maleate combination on the
intraocular pressure in animals have not been
studied.

In veterinary medicine, ketamine hydrochloride
is usually used in combination with other anesthetic
drugs and in mononarcosis as a strong analgetic
agent (Wright, 1982; Haskins, Farver, Platz, 1985;
Hartsfield, 1992; Thurmon, Tranqcuilli, Benson,
1996). In Latvia, a combination of ketamine
hydrochloride and diazepam is used for general
anesthesia.

Ketamine hydrochloride in dogs induces
increase in cerebral blood flow and intracranial and
cerebrospinal fluid pressure as a result of cerebral
vasodilatation, and elevated arterial blood pressure
(Booth, 1982; Thurmon, Tranqcuilli, Benson, 1996).
Therefore increased IOP is mentioned as a possible
side effect. In humans, a slight but significant increase
in IOP occurs independently of the changes in blood
pressure (Corssen, Hoy, 1967; Yoshikawa, Murai,
1971; Thurmon, Tranqcuilli, Benson, 1996).

Concerning effects of ketamine hydrochloride
on intraocular pressure, a significant IOP increase
has been obtained in rabbits and cats (Hahnenberger,
1976; Antal, Musci, Faludi, 1978). In a similar
study with dogs, a dose of 10 mg kg of ketamine
hydrochloride in combination with acepromazine
or xylazine has been administred, but increase in
IOP was not obtained (Gelatt, Gwin et al., 1977).
Some authors suggest that ketamine and xylazine
injection causes increase in intraocular pressure in
dogs, but in horses, conversely, results in decrease
(Trim, Colbern, Martin, 1985; Thurmon, Tranqcuilli,
Benson, 1996).

Also diazepam is often used in general anesthesia
for its sedative, tranquilizing, and muscle relaxant and
anticonvulsant effects (Purvins, 1994). Studies show
that diazepam decreases systemic arterial pressure,
cerebral blood flow and cerebral pressure that
presumably decreases IOP (Vanags, Sondore, 2008).
Another study with human subjects has shown that
diazepam decreases IOP and is recommended to use
in general anesthesia, especially in ophthalmological
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cases such as perforated cornea, corneal ulcers, trauma
or glaucoma (Cunningham, Albert et al., 1981).

As to the effects of diazepam, it has been
found that diazepam used alone does not cause a
decrease in IOP in dogs. At the same time, authors
report that diazepam in combination with ketamine
hydrochloride increases IOP in the first 5 minutes
after intravenous injection (Hofmeister, Mosunic
et al., 2006).

Despite the fact that some of premedication
and general anesthesia drug pharmacokinetics and
pharmacodynamics are rather well investigated, data
on their effects on functional parameters of the eye,
such as intraocular pressure and pupil diameter in
animals and especially dogs, are few, incomplete and
quite controversial.

Therfore our aim was to investigate the summary
effect of premedication drugs atropine sulphate and
acepromazine maleate and general anesthetic drugs
ketamine hydrochloride and diazepam on dog’s
intraocular pressure and horizontal pupil diameter
(HPD).

Materials and Methods

All animals were outpatients of the Preclinical
and Clinical Institute of the Faculty of Veterinary
Medicine of the Latvia University of Agriculture
in 2008— 2009. This study was approved by the
Committee for Animal Protection and Ethics of the
Latvian State Food and Veterinary Service. In all
cases, an informed consent was obtained from the pet
owners for the study.

All animals included in the study were
examined clinically and ophthalmologically. Ocular
examination included slit lamp-biomicroscopy,
direct ophthalmoscopy, and monocular indirect
ophthalmoscopy with the Pan Optic® (Welch Allyn,
USA). Prior to the study, all patients were determined
to be free of ocular lesions which could alter IOP
from normal.

A total of 20 mixed breed adult dogs of both sexes
were used. To ascertain the effects of premedication
and general anesthesia on the intraocular pressure
and horizontal pupil diameter, ten dogs were
used. All animals were approved for a planned
surgery — castration or ovariohisteroectomy. As
a premedication, a combination of atropine
sulphate (0.04 mg kg') and acepromazine maleate
(0.1 mg kg') was used intramuscularly, but for
general anesthesia — a combination of ketamine
hydrochloride (5.5 mg kg') and diazepam
(0.25 mg kg') was used intravenously. The dose
of premedication and general anesthesia has been
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Fig. 1. The effects of premedication and general anesthesia on
the intraocular pressure (IOP) in the dog’s eyes (mean values+SD).

recommended by researchers as suitable for dogs
(Thurmon, Tranqcuilli, Benson, 1996).

Ten clinically healthy dogs with a similar weight
were used as a control. Instead of premedication
and general anesthesia, a NaCl
injected (0.1 ml kg™).

All tonometric measurements were performed
by the same person with the rapid and minimal
stress inducing method of rebound tonometry with
a tonometer (TonoVet®, Tiolat Ltd, Finland) using
values that achieve less than 5% standard deviation.
For this tonometer it is not necessary to use topical
anesthesia. Some authors have noticed that the corneal
endothelial and systemic toxicity could occur with a
frequent use of topical anesthesia (Judge, Najafi et
al., 1997; McGee, Fraunfelder, 2007).

Horizontal pupil diameter was measured with
Jameson calipers (USA) under fixed daylight
conditions at the same time of the day.

In all dogs, IOP and HPD measurements were
taken before premedication, every minute after

solution was

premedication till general anesthesia was injected,
and three minutes after, avoiding any tension on the
animal’s neck (Pauli, Bentley et al., 20006).

To determine the effect of premedication drugs
atropine sulphate and acepromazine maleate and
of general anesthetics ketamine hydrochloride and
diazepam, arithmetic mean values (X) and standard
deviation (SD) of the IOP and HPD were calculated
for each eye. Changes in IOP and HPD between the

LLU Raksti 26 (321), 2011; 77-83

right and left eye and between the pretreatment and
treatment period in a time period were evaluated using
a paired two-sample t-test, and p-values less than
0.05 were considered to be statistically significant
(Arhipova, Balipa, 2006).

Results

Prior to premedication, the initial position of the
animal’s eye — intraocular pressure — was estimated.
It was established that there was no difference in the
IOP measurements between the right and left eye —
13.14£3.4 mmHg. The influence of premedication and
general anesthesia is shown in Figure 1.

A significant 10P obtained
immediately after injection of premedication drugs.
The IOP increased in both eyes for an average of
2.4£2.4 mmHg, reaching 15.5+4.4 mmHg (p<0.01).
In the next two to four minutes after treatment,
IOP was varying: at first the values decreased,
but in the third treatment minute —repeatedly
increased.

Five minutes after the treatment, intraocular
pressure  decreased from an average of
16.0+4.5 mmHg to 14.5+4.7 mmHg, but in the next
three minutes — varied between 13.8+3.0 mmHg
and 14.9+4.4 mmHg (Fig. 1).

Nine minutes after injection of premedication
drugs, general anesthesia — a combination of
ketamine hydrochloride and diazepam — was added.
A significant IOP increase was obtained immediately

increase was
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Fig. 2. The effects of premedication and general anesthesia on
the horizontal pupil diameter (HPD) in the dog’s eyes (mean values£SD).

after administration of general anesthesia (p<0.05),
and in the 10th minute of treatment IOP gained an
average of 15.743.1 mmHg in both eyes (Fig. 1).
Comparing the measurements done before and
12 minutes after the treatment it was seen that
IOP had increased for an average of 6.844.4 mmHg,
reaching 19.9£3.9 mmHg (p<0.01). No significant
differences in intraocular pressure between the
right and the left eye were found during the
research (Fig. 1).

In the control group, no changes in IOP were
determined after injection of saline instead of
premedication and general anesthesia. IOP values
during all the treatment period were varying in both
eyes between 13.3+0.5 mmHg and 14.3+1.0 mmHg
(Fig. 1).

The effects of the premedication and
general anesthesia drugs on the other functional
parameter — horizontal pupil diameter — are shown
in Figure 2.

Before the injection of premedication drugs, HPD
was practically equal in both eyes —7.5+1.3 mm. In the
first treatment minute, HPD in both eyes decreased to
an average of 7.0+£1.2 mm, but afterwards increased,
and three minutes after treatment gained an average
of 8.0+1.5 mm. In the next treatment minutes (three to
six minutes after premedication), the pupil diameter
was varying between 7.4+1.5 mm and 6.8+1.3 mm,
but starting from the sixth minute — increased and
reached 8.6+2.5 mm on average (Fig. 2).
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In the first minute after injection of the ketamine
hydrochloride and diazepam combination, HPD
increased significantly in both eyes for an average
of 1.2+1.1 mm, reaching 9.6+2.0 mm (p<0.01). It
continued to increase one more minute till reaching
9.742.0 mm. In the 11th treatment minute HPD
started to decrease, and in the 12th minute reached
an average of 9.2+1.0 mm (Fig. 2). Comparing the
measurements done before and at the end of the
treatment it was found that HPD had increased for
an average of 1.6+1.7 mmHg (p<0.01). During the
research, no significant differences in HPD between
the right and the left eye were detected (Fig. 1).

In the control group, HPD values were similar in
both eyes — they had not changed significantly during
the research and varied between 6.8+1.0 mm and
7.2+1.0 mm (p>0.05).

Discussion

The results of this study show that in dogs a
significant increase in [OP was obtained immediately
after the injection of premedication drugs atropine
sulphate and acepromazine maleate. During
pemedication, the higest IOP increase was obtained
two to five minutes after the treatment.

In the literature it is mentioned that atropine
sulphate blocks the mediator acetylcholine in the
M-cholinergic postganglionar synapses in the short
ciliary muscles (Jones, 1977; Thurmon, Tranqcuilli,
Benson, 1996; Block, Beales, 2004; Vanags,

LLU Raksti 26 (321), 2011; 77-83



L. Kovalcuka, E. Birgele

The Effects of Some Premedication Drugs on Pupil Diameter in Dog’s Eyes

Sondore, 2008), which leads to relaxiaton of the
ciliary muscles, thereby inhibiting the outflow of
the aqueous humor through the uveoscleral pathway
(Bill, 1967, 1969; Harris, 1968; Valle, 1974).
Also in our study IOP increase can be related to
mechanical obstruction of the iridocorneal angle
due to pupilary dilatation (Stadbaumer, Frommlet,
Nell, 2006).

In our study, a rapid and significant IOP
increse was obtained immediately after injection
of ketamine hydrocloride and diazepam, which
continued till the 12th treatment minute. These
results, to some extent, are similar to the data of
other authors, who have recorded a significant IOP
increase in dogs five minutes after injection of the
ketamine and diazepam combination (Hofmeister,
Mosunic et al., 2006).

There are some factors which, in our opinion,
explain the effects of ketamine hydrochloride and
diazepam on intraocular pressure. First ofall, complete
sedation did not occur in animals immediately
after injection of the general anesthetics, and small
muscle contractions were observed, which, to some
extent, could increase the intraocular pressure. It is
confirmed by the authors that ketamine hydrochloride
can cause strong muscle contractions and convulsions
(Thurmon, Trangcuilli, Benson, 1996), so it is an
evidence that mechanical pressure on the animal’s
neck or squeezing of the neck muscles significantly
increases the IOP (Pauli, Bentley et al., 2006).
Secondly, it is noted that ketamine hydrochloride
in dogs increases arterial pressure, thus increasing
the blood supply to the brain and also intracranial
and intracerebral pressure (Thurmon, Tranqcuilli,
Benson, 1996), possibly at the same time increasing
the intraocular pressure.

As to the effects of premedication agents like
atropine sulphate and acepromazine maleate on pupil
diameter, our study showed variable effects — increase
and decrease in HPD. However, before injecting
general anesthetics ketamine hydrochloride and
diazepam, HPD was already increased in both eyes
and later, after the injection, continued to increase for
two more minutes.

To explain the effects of an individual drug on
intraocular pressure and pupil diameter accurately,
further research is required.

Conclusion
1. It was established that injection of premedication
drugs atropine sulphate and acepromazine
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maleate caused irregular
intraocular pressure in dogs.

2. A significant and rapid increase in IOP was
obtained in both eyes immediately after
intravenous injection of general anesthetic
drugs ketamine hydrochloride and diazepam.

3. Administration of the combination of
premedication drugs atropine sulphate and
acepromazine maleate caused fluctuating changes
in the horizontal pupil diameter in both eyes in
dogs. Injection of the ketamine hydrochloride
and diazepam combination continued to
increase the horizontal pupil diameter.

4. The total effect of the general anesthetic drugs on
the IOP and HPD should be taken into account
in various ocular pathologies diagnosed in
animals.

changes in the
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Anotacija

P&tjjuma merkis bija noskaidrot premedikacijas Iidzek]u atropina sulfata un acepromazina maleata un
narkozes lidzeklu ketamina hidrohlorida un diazepama summaro ietekmi uz acs iek$€jo spiedienu un
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acs zilites diametru supiem. Peffjuma ieklava desmit klmiski veselus dazada vecuma un dzimuma sunus,
kuriem tika nozim@ta planveida operacija — kastracija vai ovariohisteroektomija. Dzivniekiem premedikacija
tika lietots atropina sulfata (0.04 mg kg') un acepromazina maleata (0.1 mg kg') skidums, kuru
ievadija intramuskulari, bet vispargja anestézija — ketamina hidrohlorida (5.5 mg kg') un diazepama
(0.25 mg kg') skidumu kombinacija, kuru ievadija intravenozi. Kontroles grupa atkartoti ieklava desmit
kliniski veselus lidziga svara un vecuma sunus, kuriem premedikacijas un visparéjas anestézijas lidzeklu
vieta attiecigi ievadija NaCl skidumu. Tika konstatéts, ka premedikacijas lidzeklu atropina sulfata un
acepromazina maleata intramuskulara injekcija supiem izraisa vilpveidigu un nevienmérigu acs ieksgja
spiediena palielinasanos un p&c narkozes lidzeklu ketamina hidrohlorida un diazepama intravenozas
ievadiSanas bitiski un strauji (p<0.01) palielinas intraokularais spiediens abas acis. Premedikacijas
lidzekli suniem izraisTja svarstigas izmainas acs zilites diametra abas acTs. Intravenozi ievaditais ketamina
hidrohlorids kopa ar diazepamu izraisTja bitisku acs zilites horizontala diametra palielinasanos (p<0.01).
Vispargjas anestezijas Iidzeklu ietekme uz acs funkcionalajiem parametriem janem v&ra, suniem konstat€jot
dazadas acs patologijas.
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Morphometric Parameters of the Small and Large Intestine of
the Ostrich (Struthio Camelus Var. Domesticus) from Day 38 of Embrionic
Development to the Age of 60 Days
Strausu (Struthio camelus var. domesticus) tievas un resnas zarnas
morfometriskie raditaji no 38. embrionalas attistibas dienas
Iidz 60 dienu vecumam

Ilmars Duritis, Arnis Mugurevics
Preclinical institute, LLU
LLU Prekliiskais instittts
e-mail: ilmars.duritis@llu.lv

Abstract. The anatomic intestine structure of the ostrich (Struthio camelus var. domesticus) is characterized
by a number of essential intrinsic properties related to the climatic conditions of their natural distribution area
(desert) and the relatively high fibre content in feed. The objective of the present research was to establish the
mass-metric and morphometric parameters of the large and small intestine of the ostrich in the period from the
38th day of embryonic development till the 60th day of life. A total of 42 ostrich specimens of both genders
were used, including six embryos obtained on the 38th incubation day and 36 chicks at the age of one day, 3,
7, 14, 30, and 60 days, distributed in groups of 6 birds in each group. The total absolute and relative weight
and length of separate segments of the large and small intestine were established. The small and large intestine
relative weight of the ostrich chicks increased with the birds advancing in age and reached its maximum on
day 30; however, by the age of 60 days the relative weight diminished. A substantial increase in the absolute
length of the small and large intestine was observed starting with day 3 of life (p<0.05; 0.001), and with chicks
advancing in age it continued to elongate. Assessing the length proportions of separate intestine segments it

was found that they had not significantly changed over the whole period of ontogenesis.
Key words: the ostrich, small intestine, large intestine, morphometric parameters.

Introduction

The intestine structure of domestic poultry
has been studied in great detail already in the
middle of the last century; however, in case of the
ostrich, especially its gastro-intestinal tract and
development of its parts in ontogenesis period, the
research information is quite scarce. The anatomic
intestine structure of the ostrich (Struthio camelus
var. domesticus) is characterized by a number of
essential intrinsic properties related to the climatic
conditions of their natural distribution area (desert)
and the relatively high fibre content in feed (Sales,
2006; Cooper, Mahroze, 2004). In comparison
with other bird species, the Struthioniformes are
characterized by a strongly developed large intestine
which constitutes the largest part of the gastro-
intestinal tract for an adult ostrich (Bezuidenhout
1993; Fowler, 1991; Ilopuecky, 2007) and, as is
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common knowledge, the large intestine plays an
especially important role in fibre fermentation
processes.

The development stage of the digestion tract at
the time of hatching, especially that of the stomach
and intestines, determines the ability of chicks to
consume feed, thus enabling to deduce the abilities
of the organism to digest the feed consumed or the
functionality of the digestive organs. Development
of intestines plays a leading role in the growing and
development processes of the organism also in later
ontogenesis periods.

Each species of birds has a characteristic (natural)
type and composition of feed determining anatomical
differences of the digestion tract between ostriches and
other poultry species (Bezuidenhout, 1993; Fowler,
1991; Iopuecky, 2007; Wang, Peng et al., 2007).
Therefore, in order to facilitate the development of
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optimum, age-adjusted feeding programmes, it is
essential to understand the gastro-intestinal tract
anatomy and physiology of the ostrich at different
periods of ontogenesis.

The objective of the present research study was
to establish the mass-metric and morphometric
parameters of the large and small intestine of the
ostrich in the period from day 38 of embryonic
development to the 60th day of life.

Materials and Methods

In the research study, 42 ostrich specimens of both
genders raised in the farm “Ozolini AB” of Jekabpils
district, Latvia, were used: six embryos obtained on
the 38th incubation day, and 36 chicks at the age of
one day, 3, 7, 14, 30, and 60 days. Ostriches were
distributed in groups of 6 birds each. Chicks were
obtained over the period of May—October of 2009.
The first 3 days following the hatching, the chicks
were kept in the hatchery. Starting with day 4, the
chicks were placed in a heated box with sand bedding
and they started to receive the commercial ostrich
chick feed “Strus Premium — Strus 1”. Feed and water
were supplied ad libidum.

Before euthanasia, the birds of age group in
question (7, 14, 30, and 60 days old) were taken off
feed for 12 hours. After that, they were anaesthetised
by intra-muscular injection of 0.5 ml of 10% ketamine
and 0.5 ml of 2% xylasine solution and afterwards
euthanized by intracardial injection of 0.5 ml of
20% pentobarbital solution. After euthanasia, each
carcass was weighted on electronic scales (£1 g) and
subjected to necropsy for further examination.

The total absolute weight of the intestines
(together with their contents), as well as the absolute
weight of the large and small intestine separately was
determined using scales (+0.01 g).

Also the length of separate segments of the
large and small intestine was established: for the
duodenum - from ostium pyloricoduodenale to
fexura duodenojejunalis; for the jejunum — from
flexura duodenojejunalis to the apex level of caccum;
for the ileum — from the apex level of caeccum to
ostium ileocecale; for the caecum — from ostium
ileocecale to the apex; for the colon — from the
connection point of caecum and colon to the cloacal
extension (Baumel, 1993). A tape measure (=1 mm)
was applied for measuring the length of intestines.

The relative weight of each segment of the
intestines separately (in relation to body weight) as
well as their relative length (in relation to the total
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intestinal length) was calculated. The data obtained
in the study were statistically processed by the SPSS
11.5 software program. The mean arithmetic value
and standard error (SEM) were calculated for each
parameter. For comparison of the mean parameters
among age groups, the multifactor dispersion analysis
ANOVA was applied.

Results
Over the ontogenesis period studied, the
total intestine weight for the ostrich chicks

(small and large intestine) increased 67 times
(from 8.8+1.00 g on the 38th embryonic
development day to 593.6+82.66 g on the 60th day
of life). A critical weight increase was observed
between days 3 and 14 (p<0.05), days 7 and
30 (p<0.01), and days 30 and60 (p<0.001) (Table 1).

Having determined the absolute and relative
weight of the small intestine it was established
that on day 38 of embryonic development the small
intestine weighed 3.0+0.39 g on average, constituting
0.3+0.04% of the chick body weight. On the day of
hatching, these parameters increased to 5.8+0.45 g
and 0.7+0.08% respectively (Table 1).

Over the first days after hatching, increase in
the absolute weight of the small intestine was quite
slow; however, after the 3rd day of hatching a
rapid increase was observed. The absolute weight
of the small intestine continued to increase over
the whole ontogenesis period. On the earlier stages
of postnatal ontogenesis, the weight increase of
the small intestine was more rapid. For instance,
between day 30 and day 60, the weight of
the small intestine increased 2.5 times (p<0.001),
but between days 3 and 14 — 5 times (p<0.001)
(Table 1).

With chicks advancing in age, the relative
weight of the small intestine increased reaching
its maximum at the age of 30 days when it
constituted already 4.9+0.37% of the body weight;
the most rapid increase could be observed
between days 7 and 14 (p<0.01). Afterwards, from
the 30th to 60th day of life, the relative weight of
the small intestine of the ostrich chicks decreased to
3.840.14% of their body weight (Table 1).

The absolute and relative weight of the large
intestine, in its turn, on the 38th day of embryonic
development was 5.840.62 g or 0.7+£0.07%
of the body weight. On the day of hatching,
the absolute weight of the large intestine had
already increased almost threefold (14.3+1.55 g;
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Table 1
The weight of the small and large intestine of the ostrich chicks
from 38th day of embryonic development to 60th day of life
Small intestine Large intestine
Age, %+SEM, %+SEM, Total,
days g+SEM* of body g+SEM of body g+SEM
weight weight
38 (embr.)** 3.0+0.39 0.3+0.04 5.8+0.62 0.7+0.07 8.8+1.00
1 5.8+0.45 0.7+0.08 14.3+1.55 1.7+0.25 20.2+1.84
3 8.0+0.85 0.9+0.07 14.1£1.92 1.6+0.17 22.14+2.70
7 16.2+£1.77 2.1+£0.21 51.2+5.00 6.6+0,.7 67.5+6.04
14 42.2+7.22 4.0+0.62 129.6+£16.94 12.2+1.29 171.6+£23.17
30 72.7+5.49 4.9+0.37 204.2+17.95 13.6+0.71 276.9+22.40
60 182.1+£28.62 3.8+0.14 411.6+58.20 8.9£1.10 593.6+82.66
* — standard error of mean
** — 38th day of embryonic development
Table 2

Morphometric parameters of the small and large intestine of the ostrich chicks
from 38th day of embryonic development to 60th day of life

Age, Length of the small Length of the large Total intestine
days intestine, mm+SEM intestine, mm+SEM length, mm+SEM
38 (embr.) 509+24.1 680+72.9 1189+99.9
1 576+24.9 978+61.2 1555+66.6
3 762+42.7 1036 +84.4 1798+81.1
7 1002+65.5 1605+81.1 2607+£133.7
14 1424+138.5 2733+81.9 4157+£206.5
30 2043+81.9 3654+178.7 5697+210.9
60 2960+314.6 4987+475.8 794777377

1.7+0.25%). After the 3rd day of life it increased
much more rapidly and reached a ninefold size on
the 14th day thus constituting 129.6+16.94 g or
12.3£1.29% on average (p<0.05) (Table 1).

At the age of 30 days, the relative weight of the
large intestine reached its maximum, constituting
13.6£0.71% of the body weight. A significant
decrease in the weight of large intestine was
observed at the age of 60 days (p<0.01), when
it constituted only 8.9+£1.10% of the chick body
weight (Table 1).

The total intestine length for the ostrich chicks
over the studied ontogenesis period increased
6.7 times on average (from 1189+99.9 mm on
the 38th embryonic development day
to 7947.00+£773.7 mm on the 60th day of life).
An important intestine length increase could be
observed between days 7 and 14 (p<0.05), days

86

14 and 30 (p<0.05), as well as between days 30
and 60 (p<0.01) (Table 2).

Analysing the total length of the small
intestine it was found that on the 38th embryonic
development day it had reached 509+24.1 mm
on average or 43.4+2.04% of the total intestine
length (Table 2). A rapid growth in the length of the
small intestine started after hatching, when on the
7th day of life its length had already doubled
compared to the 38th day of embryonic
development making up 1002+65.5 mm or
38.4+1.09% of the total intestine length.
A critical growth in the length of the small
intestine could be observed between days 3 and
14 (p<0.05), as well as between days 30 and
60 (p<0.001).

The relative length of the small intestine for
the ostrich chicks of all age groups ranged from
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33.9+1.76% at the age of 14 days to 43.4+2.04%
on the 38th day of embryonic development with
a decreasing trend as chicks advanced in age
(Table 2).

The large intestine formed the longest portion of
the intestine length in the ostrich chicks of all age
groups. On the 38th embryonic development day,
the large intestine length (679.50+72.87 mm) only
slightly exceeded length of the small intestine, but
on the 14th day of chick life the large intestine was
two times longer than the small intestine. At this age,
length of the small intestine was 1423.67+138.49 mm,
whereas that of the large intestine — 2733.17+81.85
mm respectively; furthermore, this correlation
persisted also for 30- and 60-day-old birds (Table 2).
A substantial increase in the absolute length of the
large intestine was observed between days 3 and 14
(p<0.001), days 7 and 14 (p<0.01), and days 30 and
60 (p<0.01).

The relative length of the large intestine for the
ostrich chicks included in the study ranged from
56.58+2.07% (38th embryonic development day) to
66.15+1.76% (14th day). The relative length of the
large intestine increased as chicks advanced in age
(Table 2).

For birds of all age groups included in the
research, all three parts (segments) of the small
intestine, namely, duodenum, jejunum, and
ileum, indicated an adequate and well-marked
development.

Assessing the morphometric parameters of
each part of the small intestine we established that
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the jejunum formed the greatest weight and length
proportion.

Figure 1 demonstrates that the jejunum
had a pronounced increase in weight starting
with the 3rd day of life of the ostrich chicks.
In comparison with other segments of the
small intestine, the weight increase of jejunum
was faster.

On the 38th day of embryonic development,
the absolute weight of the jejunum was 2.3+0.30 g
on average or 0.25+0.03% of the body weight,
on the day of hatching it almost doubled
(4.0+£0.35 g), but at the age of 30 days it was
51.1+4.00 g. A significant increase in the weight
of jejunum was observed between days 1 and
30 (p<0.01), and days 30 and 60 (p<0.001)
(Fig. 1).

The weight of the duodenum and ileum was
increasing slower and more evenly. A rapid increase
in the weight of these two parts could be observed
between days 7 and 30 (p<0.01), and days 30 and 60
(p<0.001).

Of the three segments of the small intestine, the
jejunum made up also the relatively greater weight

proportion.
Relative weight of the duodenum on the
38th embryonic development day constituted

only 0.06+0.007% of the body weight, and reached
its maximum (0.96+0.023%) on the 30th day
of life, after which a downwards trend set
in (in a similar way as for the total relative
weight of the small intestine) (Fig. 2). Relative
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Fig. 1. The dynamics of absolute weight (g=SEM) of the small intestine segments (duodenum, jejunum, and
ileum) of the ostrich chicks in the period between 38th day of embryonic development and 60th day of life.
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Fig. 2. The dynamics of relative weight (%+SEM) of the small intestine segments (duodenum, jejunum, and
ileum) of the ostrich chicks in the period between 38th day of embryonic development and 60th day of life.
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Fig. 3. The dynamics of absolute weight (g£SEM) of the large intestine segments (colon and caecum) of the
ostrich chicks between 38th day of embryonic development and 60th day of life.

weight of the jejunum reached 3.47+0.34%
on the 30th day of ostrich chick life, but at the
age of 60 days decreased to 2.65+0.12% of the
body weight.

On the 38th day of embryonic development,

the relative weight of the ileum was
only 0.03£0.005% of the body weight
on average, between the age of 1 day

to 14 days (p<0.001) it increased significantly,
but in 30-day-old ostrich chicks reached
its maximum — 0.49+0.04% of body
weight (Fig. 2).

Analysis of the absolute weight of the large
intestine segments showed that the weight of
the colon had grown faster than that of the
caccum (Fig. 3).

The weight of the caecum on
38th ~ embryonic  development  day
0.9+0.10 g on average, relatively constituting

the

the
was

88

0.10£0.01% of the chick body weight,
but on the day of hatching it had more
than doubled (2.2+0.21 g and 0.26+0.03%

respectively). Over further development, a
substantial absolute weight increase of the
caeccum was established between days 3 and

14 (p<0.01), as well as between days 30 and
60 (p<0.001) (Fig. 3). A substantial relative
weight increase of the caecum was established
between days 7 and 14 of chick life (p<0.01).
At the age of 30 days, the relative weight of the
caeccum was 1.96+0.28% on average, but on
the 60th day it decreased significantly —
to 1.14+0.09% (p<0.01) (Fig. 4).

For the ostrich chicks of all age groups, the
colon both in length and weight was developed
better than other intestine parts and formed the
largest portion of the total intestine length and
weight.
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Fig. 4. The dynamics of relative weight of the large intestine segments (%=+SE) of the ostrich chicks from
38th day of embryonic development to the age of 60 days.

Table 3

The length of the small and large intestine segments of the ostrich chicks from 38th day of
embryonic development to 60th day of life

Small intestine length,

Large intestine length,

Age, days mm+SEM mm+=SEM
duodenum jejunum ileum caecum colon

38 (embr.) 93+5.2 363+15.9 53+8.1 67+4.6 613+69.8
1 12545.3 3914+22.6 60+2.3 85+5.2 893+59.9
3 156+5.9 535+37.7 72+14.5 100+£6.3 936+78.8
7 207+14.8 677+47.7 118+15.0 150+10.2 1456+71.5
14 278+30.8 1 004+99.0 142+12.7 226+9.5 2 507+79.1
30 372+19.4 1 463+61.0 2094+22.5 311+17.9 3 343£165.9
60 526+40.5 2 142+£254.6 301£24.6 409+23.0 4 568+455.5

On the 38th embryonic development day,
the absolute weight of the colon was 4.9+0.53 g
on average, composing 0.55+0.06% of the body
weight (Figs 3 and 4). On the day of hatching,
the weight of the colon reached 12.2+1.52 g or
1.47+0.23% on average. Over the first three days
of life, the absolute and relative weight of the
colon showed a downward trend, but afterwards
a rapid increase was observed. On the 30th day,
the weight of the colon was 174.9+16.38 g on
average, or 11.740.70% of the body weight.
It should be noted that a substantial growth in
the relative weight of the colon could be
observed between days 3 and 7, as well as
between days 7 and 14 (p<0.01). On the

60th day of ostrich chick life it was

LLU Raksti 26 (321), 2011; 84-93

established that the absolute weight of the
colon had increased significantly (p<0.001)
(358.7+£55.13 g), but its relative weight had
decreased (p<0.05) to 7.741.04% of the body
weight (Fig. 4).

Determining the length of the duodenum it was
found that on the embryonic development day 38
it was 94+£6.2 mm on average, but on the day of
hatching it already reached 125+5.3 mm (Table 3).
A rapid increase in the length of the duodenum was
observed also in further ontogenesis period. Thus, for
instance, between days 3 and 14 of life, the intestine
length almost doubled and at the end of this period
constituted 278+30.8 mm on average (p<0.05), but
at the age of 60 days the intestine length reached
526+40.5 mm on average.

&9



1. Duritis, A. Mugurevics

Morphometric Parameters of the Small and Large Intestine of the Ostrich

1
60 I-—
30 Ii_

s 14 -Ii_l ® Duodenum
‘g’ 7 -:_I ® Jejunum
] -I-I_ lleum
1 Iiﬁl O Caecum
3.cmbr, |II— B Colon
0 20 40 60 80 100

% of total intestine length

Fig. 5. The relative length of the small and large intestine segments of the ostrich chicks from 38th day of
embryonic development to the age of 60 days.

The jejunum was the longest of all small
intestine parts, and its length on the 38th embryonic
development day was 363+£15.9 mm. At the
age of 14 days it extended significantly (p<0.01)
to 1004+£99.1 mm, but on the 60th day of life
reached 214242547 mm on average (p<0.001)
(Table 3).

Length of the ileum at the age of 30 days had
increased 4 times (208.5+22.49 mm) on average
(p<0.001) compared to that in the ostriches on

the 38th embryonic development day
(52.54£8.12 mm). It should be noted that
the most significant growth in the length

of ileum had occurred already on the 14th day
of the chick life (p<0.05) (Table 3).

The length of the caecum on the 38th day of
embryonic development was 67.044.60 mm on
average, but a substantial increase in the caecum
length was observed from the moment of hatching
till day 7 (p<0.05) when it reached already
149.74£10.21 mm (Table 3). At the end of the
second month of life (60 days of age) the
caecum was on average 409.17+23.03 mm long.

As mentioned above,
longest of all intestine parts in the ostriches of
all age groups. On the 38th embryonic
development day its average length was
612.5£69.80 mm or 50.9+2.10% of the total
intestine length (Table 3). A substantial increase
in the length of the colon was observed between
days 7 and 14 (p<0.05), as well as between
days 30 and 60 (p<0.01), but on the 60th day it
reached 4568.0+455.47 mm or 57.5+1.25% of the
total intestine length.

the colon was the

90

The length of the duodenum in all age groups
of ostrich chicks ranged within 6-9% of the total
intestine length; furthermore, while chicks advanced
in age, its growing slowed down. Thus, at the
age of 3 days, the length of duodenum composed
8.7+0.20% of the total intestine length, whereas
at the age of 30 days it was only 6.5+0.25%
(p<0.01) (Fig. 5).

The relative length of the jejunum showed a
downwards tendency with chicks advancing in
age (Fig. 5). Ostrich chicks of different age groups
displayed no statistically significant difference as to
this parameter.

The relative length of the ileum was 4.0+0.17%
of the total intestine length on average, and it did
not substantially change over the ontogenesis
period studied (Fig. 5).

The relative length of caecum and colon

did not change substantially in all age
groups staying on average 5.5£0.91% and
56.1£0.81% of the total intestine length

respectively (Fig. 5).

Discussion

The relative weight of the small intestine of the
birds included in the trial reached its maximum at the
age of 30 days constituting 4.9% of the body weight
on average, but at the age of 60 days it reduced to
3.8%. Whereas researchers Iji, Van der Walt et al.
(2003) have observed that on the 27th day of life
the relative weight of the small intestine in ostrich
chicks was 4.6%, then it increased slightly to
4.7% till day 41, but afterwards decreased, and on
the 72nd day composed only 4.2% of the chick
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body weight. Decrease in the relative weight of the
small intestine over the second month of life was
associated with an overall rapid increase in the body
weight during that time.

The results of our study indicated that for 3-day-
old ostrich chicks the relative weight of the small
intestine constituted only 0.9% of the body weight on
average, while Iji, Van der Walt et al. (2003), on the
contrary, have established that at the age of 3 days this
parameter reached 2.1%; whereas for more advanced
age periods the data of these researchers are similar
to our results. Differences in the results might be
explained by the different ages of chicks when their
feeding started (day 3 of chick life — in the research of
Iji, Van der Walt et al., day 4 — in our research).

In ostrich, similarly to other bird species, the
jejunum constitutes the longest portion of the small
intestine. Wang and Peng (2008) have established
that in 24-hour-old chicks the relative weight of
the jejunum was 0.65% of the body weight, of
duodenum — 0.1 %, and of ileum — 0.08%. Examining
one-day, 45, 90, and 334 days old birds, the
researchers have found that the relative weight of the
jejunum and ileum reached its maximum at
the age of 45 days (4.42% and 0.54% of the
body weight respectively), but relative weight
of the duodenum increased till 90th day of life
constituting 1.07% of the ostrich body weight.
Also Iji, Van der Walt et al. (2003) studying 3,
27, 41, 55, and 72 days old chicks have established
that the largest relative weight of the small intestine
was in 41-day-old chicks (4.7%).

Regarding relative weight of separate segments
of the small intestine for 24-hour-old chicks,
our research findings are rather similar to the
data obtained by Wang and Peng (2008). In our
research, on the 30th day of ostrich chick life
the highest relative weight was observed for all
segments of the small intestine (duodenum — 0.81%,
jejunum — 3.47%, ileum — 0.49%), but on the 60th
day of life these parameters had decreased. Whereas
data of I[ji, Van der Walt et al. (2003) and Wang
and Peng (2008) demonstrate a  further
increase in the relative weight of the small
intestine up to 41st—45th day of life.

The distinct results of the relative intestine weight
point to necessity to carry out research also over the
further period of ontogenesis, as well as to continue to
study the relation between the weight gain of chicks
and the feeding and raising conditions.

Research on chicks of Gallus domesticus and
ducklings has shown that the relative weight of the

LLU Raksti 26 (321), 2011; 84-93

small intestine reached its maximum already in the
first week of life and afterwards gradually decreased
(Soriano, Rovira et al., 1993; King, Asem, Adeola,
2000).

Wang and Peng (2008) have indicated that the
length of the small intestine for ostrich chicks in
the period between days 1 and 45 increased much
more rapidly than between days 45 and 90. This
is confirmed also by data obtained in our research.
During the first month of ostrich life, the length
of the small intestine increased by 1467 mm
(3.5 times), but in the second month — only by
917 mm (1.4 times). On the whole, our data
showed that during the first two months of life
the length of the small intestine in ostrich
chicks had increased 5 times. Whereas other
authors in their researches on the development
of intestinal canal in birds during first three
months of life, have found that the length
of small intestine increased 6 times in ostriches
(Wang, Peng, 2008), and only 3.4 times in chicken
of Gallus domesticus (Soriano, Rovira et al.,
1993). The relatively rapid growth of the small
intestine over the first months of ostrich life point
to an important anatomically physiological trait
of this species, which has to be taken into account
when evaluating the characteristic pathologies
and selecting the optimum feeding conditions
for the ostriches of this age.

Wang and Peng (2008) have established that
the length of duodenum for 24-hour-old chicks
was 17.3 cm, of jejunum — 43.2 cm, but of ileum —
7.9 cm; whereas in our study the same parameters
were 12.5+0.53 c¢cm, 39.1+£2.25 cm, and 6.0+0.23 cm
respectively.

The relative weight dynamics of the large
intestine of ostrich chicks of different age groups
have been pointed out by several authors. According
to Iji, Van der Walt et al. (2003), relative weight of
the large intestine on the 3rd day of ostrich life
constituted 4%, but on the 72nd day — 19.8%;
whereas according to Porchesku (ITopuecky, 2007) it
reached 3.17% of the body weight in adult ostriches.

Several authors have established that in one-
month-old ostriches the length of the colon was
1.6 m or 57% of the total intestine length (Cho,
Brown, Anderson, 1984; Fowler, 1991), but in adult
ostriches it reached 11-13 m or 57% of the total
intestine length (ITopuecky, 2007; Skadhauge, Warii,
1984; Fowler, 1991).

The results of our research demonstrated that
for 3-day-old chicks the relative weight of the
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large intestine constituted 1.6% of the body weight.
During the growth period, this parameter increased
and reached its maximum at the age of 1 month
(13.6%), but at the end of the second month it had
already diminished. Decrease in the relative weight
of the large intestine during the second month of life
could be related to the rapid body weight gain due to
fast development of the muscles.

The longest part of the large intestine is the
colon. In our research its length in one-month-old
ostrich chicks reached 3.3 metres or 58% of the
total intestine length. Rather disparate parameters
of the absolute length of the colon can probably
be explained by the critical impact of individual
factors (growing development) and feeding on the
absolute parameters (Shanawany, 1996; Jamroz,
Wertelecki et al., 2000).

Conclusions

The relative weight of the small intestine of the
ostrich chicks increased with the birds advancing
in age, reaching its maximum on day 30 when it
constituted 4.9% of the total body weight, but by the
age of 60 days it reduced to 3.8%.

The relative weight of the large intestine also
reached its maximum at the age of 30 days when
it constituted 13.6% of the total body weight, but
by the age of 60 days it reduced to 8.9%.

The reduction in the relative weight of the small
and large intestine over the second month of life can
be associated with the rapid overall increase in ostrich
chick body weight during that period.

A substantial increase in the absolute length of the
small and large intestine was observed starting with
day 3 of ostrich life (p<0.05; 0.001), and it continued
to increase with chicks advancing in age.

Over all the age periods observed, the large
intestine of the ostrich chicks constituted the largest
part of the total intestine length, and its relative
length increased faster than that of the small
intestine.

Analysis of the length proportions of different
intestine segments showed that they did not
substantially change over the whole period of

ontogenesis.
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Agpurancrkozo uepnoco cmpayca,  Kypuybl BeTepuHapHbIX HayK. Kumunes, 40 c.

Anotacija

Afrikas strausu (Struthio camelus var. domesticus) zarnu trakta anatomiskaja uzbiivé ir vérojama virkne biitisku
Tpatnibu, kas saistitas ar §is sugas dabigas izplatibas aredla klimatiskajiem apstakliem (tuksnesis) un saméra
augsto kokskiedras Tpatsvaru bariba. Petijuma merkis bija noskaidrot strausa calu tievas un resnas zarnas un to
dalu masometriskos un morfometriskos raditajus no 38. embrionalas attistibas dienas lidz 60 dienu vecumam.
P&tijuma izmantoti 42 abu dzimumu Afrikas strausu Tpatni, no kuriem se$i embriji bija 38. inkubacijas diena
un 36 cali— 1, 3, 7, 14, 30 un 60 dienu veci, katra grupa attiecigi sesi putni. Tika noteikta atsevisku tievas un
resnas zarnas segmentu absollita un relativa masa un garums. Strausu calu tievas un resnas zarnas relativa masa
palielingjas, putnam pieaugot, un maksimumu sasniedza 30 dienu vecuma, tacu 60 dienu vecuma visu zarnu
segmentu relattva masa samazinajas. Biitisks tievas un resnas zarnas absoliita garuma pieaugums bija vérojams,
sakot ar treso dzives dienu (p<0.05; 0.001), un tas turpinaja pieaugt, palielinoties strausu calu vecumam. Vertgjot
atseviSku zarnu segmentu garuma attiecibas, tas butiski nemainijas visa pétitaja ontogenézes perioda.
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Itniju biezums —% pt, rakstzimju izmérs — ne lielaks par 10
punktiem. Att€los jaizvairas no uzrakstiem uz tiem. Uzrakstu
vieta lietojami simboli vai cipari, kas atSifr§jami zem
att€la. Paraksts zem attéla sakas ar att€la numuru, tad seko
nosaukums, kas atklaj vai raksturo attéla redzamo, un tad
attéla lietoto ciparu, simbolu atSifréjums. Att€la nosaukums
un visi paskaidrojumi taja tulkojami arT anglu valoda.
Formulas

Formulas jaraksta MS Equation programma. Formulas teksta
raksta atseviska rinda pa vidu. Formulas numurg, numuru
rakstot taja pasa rinda starp divam apalajam iekavam lapas
labaja pusé. Formulas lietotajam pamatvienibu lielumam
jabiit tadam pasam ka pamatteksta. Kursiva rakstami pienemto
apzim&jumu simboli. Formulas ietverto lielumu mérvienibas
raksta aiz to nosaukumiem vai skaitliskajam vertibam teksta.
Formulu paskaidrojumi rakstami aiz formulas, katrs sava
rinda. Starp paskaidrojumu un meérvienibu liek defisi, bet
aiz mérvienibas — semikolu, un aiz pedgjas meérvienibas
paskaidrojuma — punktu.

Citejumi

Atsauces teksta pieraksta, apalajas iekavas ierakstot izmantota
izdevuma autoru un izdosanas gadu, piem. (Monod, 2010;
Hahey, Senseman et al., 2002).

Literatiiras saraksts darba beigas janoformé alfab&ta
kartiba, atseviskus darbus pierakstot sadi: Zurnalu raksti —
Hahey, R., Senseman, S., Krutz, L., Hons, F. (2002) Soil
carbon and nitrogen mineralization as affected by atrazine
and glyphosphate. Biol. Fertil. Soils, 35, 35-40; gramatas —
Lauksaimniecibas  ilgtermina  investiciju  kreditésanas
programma. (2001) LR Zemkopibas ministrija, Riga, 20 Ipp.;
gramatu nodalas — Carrey, E. A. (1989) Peptide mapping.
In: Protein Structure. Ed. T.E. Creighton. ILR Press, Oxford,
191-224.; INTERNET resursu apraksts — Veselibu
noteicoSie faktori. Vide ka dzivibas un veselibas resurss:
http.://www.liis.lv/vid_ves/faktori.htm — Resurss aprakstits
2010. gada 20. novembrT.

Atsaucem teksta jasakrit ar literatiras saraksta minétajiem
avotiem, un tiem jabut publiski pieejamiem.

Finals

Recenzéto un attiecigi papildinato manuskripta pedgjo
versiju autors(i) elektroniska veida kopa ar izdruku iesniedz
tehniskajam redaktoram. Fotografijas (JPEG formata) un
grafiski izpilditos att€lus pievieno ka atseviskus failus.

Tikai preciza visu iepriekSmin&to prasibu ievérosana sekmes
sagatavoto manuskriptu atraku publicéSanu.

Atkapes no So noteikumu prasibam pielaujamas, ieprieks
saskanojot ar LLU Rakstu redkol&giju.

LLU Rakstu redkolégijas adrese:

Liela iela 2, Jelgava, LV 3001

Telefons: 630 05671; fakss: 630 05685;
e-pasts: Inga.Skuja@llu.lv

Papildu informacija par LLU Rakstiem
pieejama LLU majas lapa http://www.llu.lv
sadala Pétnieciba: Raksti.
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Submission of manuscripts. The persons who submit
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property and scientific standards of the manuscripts they
submit. However, the Editorial Board reserves the right to
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Authors submitting a paper do so on the understanding
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and approved by all authors. The submission of the
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matter in the shortest possible form; the Author, or
authors, should type their full names, followed by the
names of the department and institution where the
investigation was conducted, including a complete
postal address. Co-authors from other departments
or institutions should be named in the sequence of
authorship. The telephone number and e-mail of the
corresponding author should be provided; Abstract is
in one paragraph — 230-250 words should adequately
summarize the essential findings described in the paper;
Key words — not more than five, should be presented in
a separate line; Introduction outlines the purpose, scope
and methods of the investigation and its relation to other
research in the same field; Materials and Methods
should be described in detail, so that one might follow
the procedures. Standard laboratory procedures should
be mentioned only, but reference citation is necessary;
Results are presented in textual, tabular, or figure form.
Data analysis, plausibility and certainty criteria should
be added; Discussion provides interpretation of the

results. One should not avoid discussion of controversial
or unsettled points or of data obtained by the authors,
or any evidence for drawing Conclusions; those whose
role is limited to providing materials, financial support or
review should be recognized in the Acknowledgements
section of the paper; References, when cited in the
text, should be written as follows: (Carrey, 1989;
Hahey, Senseman et al., 2002; Naturalizing ...,
2007). In the list at the end of the manuscript, they
should be arranged in alphabetical order and each
reference should be described as in the following
examples:journal article — Hahey, R., Senseman, S.,
Krutz, L., Hons, F. (2002) Soil carbon and nitrogen
mineralization as affected by atrazine and glyphosphate.
Biol. Fertil. Soils, 35, 35-40; a book — Chard, T. (1995)
An Introduction to Radioimmunoassay. Amsterdam,
Elsevier, 534 pp.; chapter from a book — Carrey, E. A.
(1989) Peptide mapping. In: Protein Structure. Ed. T.E.
Creighton. Oxford, ILR Press, 191-224; INTERNET
resources — Naturalizing with flower bulbs: http://www.
flower-gardening-made-easy.com/ naturalizing.html —
Accessed on November 20, 2010.

Tables and figures. Tables should be intelligible by
them, without reference to the text. Table headings should
be concise and should adequately represent the subject
matter and be part of the table. Footnotes to the tables
should be placed on the same page and designated by
superscripts !, 2, etc. Graphs, diagrams, drawings and
photographs are considered as figures. Both tables and
figures should be numbered with Arabic numerals in the
order of appearance in the text and typed on separate
pages at the end of the manuscript. Font size in tables
and figures — 10 points or smaller. Equations should
be written in MS Equation program or similar, graphs
and diagrams — in Excel or another graphic creation —
editing program, without toning in background, and in
black-and-white version.

Units of measurement and abbreviations. Use of the
International System of Units (SI) is required. In decimals,
use the decimal point, not the comma. In the text and
tables, use the minus exponential (e.g. g m?) instead
of a slash, and use SI abbreviations. The conventional
designation of the authority of a binomial scientific name
of organism should be added the first time the name is
introduced in the main text.

Paper submission. Authors are encouraged to provide
the final version of accepted manuscripts as a hard copy
and electronically, e.g. by e-mail.

Scrupulous adherence to these instructions can speed up
publication.

Address of the Editorial Board:
LLU Raksti
Liela iela 2, Latvia University of Agriculture
Jelgava, LV-3001, Latvia
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