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Estetiskas kvalitates kritériji urbanizetas ainavas izpéte
Urban Landscape Aesthetic Quality Assessment

Daiga Zigmunde
LLU Arhitektiiras un biivniecibas katedra
Department of Architecture and Building, LLU
e-mail: Daiga.Zigmunde@llu.lv

Abstract. The specificity of human visual perception determines aesthetic quality as one of the most important
landscape characteristics, especially for urban landscape where human needs dominate and everyday life takes
place. The landscape perception is subjective — it is determined by a human’s individuality. A more objective
approach in urban landscape aesthetic quality assessment is the design approach. Within the framework of this
approach, the physical elements of landscape, e.g., forms of relief, bodies of water, trees, etc., are simplified,
perceived and analysed as geometric objects having form, lines, texture, colours and other qualities. The
Latvian town Lielvarde has been chosen as a study object. It presents urban landscape with important cultural
heritage and at the same time with high intensity of transit traffic. The study focused on the methodology of
aesthetic quality assessment where the evaluation criteria were used in the research of sceneries and each
specific functional zone of Lielvarde town. According to the design approach, the evaluation criteria of aesthetic
quality were divided into three groups. These groups covered design and compositional outlines — features,
their quality and mutual interaction of these features. According to the findings, the evaluation criteria used
in the design approach were simply perceptible and applicable in the assessment of urban landscape aesthetic
quality. They provided the use of uniform principles in the research, thus also the possibilities of comparing the

different functional zones of the urban landscape were created.
Key words: urban landscape, aesthetic quality assessment, evaluation criteria.

Ievads

Augsta ainavas estetiska kvalitate ir Tpasi svariga
urbaniz@taja ainava, jo ta ir gan dzives, gan darba
un atpiitas vide cilvékiem, kas nepartraukti no
dazadiem rakursiem un aspektiem ve&rte un uztver So
vidi. Peétfjums apliiko urbaniz&tas ainavas estétiskas
kvalitates novertésanas iespgjas, piclictojot vertesanas
krit€riju grupas, kurasbalstitasuzainavuarhitektiiraun
pilsetplanosana lietotajiem artelpas funkcionalajiem
un arhitektoniski telpiskas kompozicijas principiem.
Lidz Sim Latvijas urbaniz€to ainavu estétiska
kvalitate akcenteta planosanas konteksta (Brinkis,
Buka, 2001). Tomé&r viena no problémam ir
pilsétvides ka estetiski vienotas un kvalitativas
urbaniz&tas telpas attistibas koncepcijas trikums.
Tas atspogulojas pilsetas ainava ka atsevisku objektu
un teritoriju nesaistita mozaika, neveidojot est&tiski
vienotu urbanizéto telpu. Tadgjadi arT urbaniz&to
ainavu estétiskas kvalitates noveértéSanas metodika
galvenokart balstita uz atsevisku ainavas elementu
vai teritoriju analizi. Visas kopgjas urbanizetas
telpas estétiskas kvalitates novértéSanas metodika
zinatniskaja literatlira nav plasi aplikota, lidz ar
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to turpmak aprakstitais pétijums ir jauna pieredze
Latvijas ainavu arhitektiira.

Vards ,estetisks” saistas ar skaistuma jédzienu
(Kundzins, 2004), kaut gan tulkojuma no grieku
valodas tas nozime ,,tads, kas sajit, jat” (Svesvardu
vardnica, 1999). Lidz ar to ainavas est&tiskas
kvalitates nozimigums atklajas tieSi saistiba ar
cilvéku, vina uztveres Ipatnibam, redz&ta izpratni
un interpretaciju (Ziemelniece, 1998; Silins, 1999;
Kundzins, 2004). Ainavas estetiska kvalitate veidojas
no vizualas informacijas (vizuala uztvere), kura
pirma sasniedz miisu pratu un veido 80% no uztverta;
no informacijas, ko veido par€jas manas (sensora
uztvere) — dzirde, tauste, oza un pat garSa (Slpruna,
1991; Ziemelniece, 1998; Ode, 2003; Zigmunde,
2007); ka arT cilvéka iepriek$gjas pieredzes un prata
noteiktasieglitasinformacijasinterpretacijas(kognitiva
uztvere). Tap€c ainavas estetikas interpretacija I1dz ar
makslas un zinatnes tendencém jau gadsimtiem ilgi
atspogulo konkréta laika filosofiju, tradicijas, cilvéku
dzives veidu un svarigako politisko un ekonomisko
notikumu ietekmes sekas (Ziemelniece, 1998; Silins,
1999; Ainavu aizsardziba, 2000; Kundzins, 2004).



D. Zigmunde

Estetiskas kvalitates kriteriji urbanizetas ainavas izpété

Lidz ar cilveka raditajiem elementiem dazada
estétikas izpratne skaidri nolasama tiesi pils€tas
ainavas attistibas etapos, kurus raksturo noteikta laika
arhitektiiraun planosanasstils (SIpruna, 1991; Brinkis,
Buka, 2001). Latvija estétiskas kvalitates p&tfjumi
ieprieks aprakstiti dazados ainavas ITmenos un tipos:
dabas elementi ka estetiska pirmavoti; dabiskas un
lauku ainavas; urbanizétas ainavas. Dabas elementi
ka estetiskuma izpratni veidojosi pirmavoti aprakstiti
biologa, fotografa un dabas izzinataja Mara Kundzina
gramata ,,Dabas formu estétika” (2004). Taja plasi
pétita cilvéka uztvere, zinatnes loma vides un tas
elementu harmonijas mekl&jumos, kuru pamata ir
daba noveroto paradibu interpretacija un pielietojums
maksla, kompozicijas panémienu radiSana. Ainavu
pétnieki, geografi Olgerts Nikodemus un Aija
Melluma devusi lielu ieguldijumu Latvijas dabisko
ainavu estétiskas kvalitates izp&te, akcentgjot tiesi
cilveka subjektivas uztveres nozimi ainavas estétikas
interpretacija (Melluma, Danilans, 1975; Melluma,
Leinerte, 1992; Nikodemus, 2001). Sajos pétijumos
izmantoti estStiskas kvalitates kritriji: ainavas
kvalitate ka subjektivs raditajs (eksperta skatijums
uz ainavas estétisko kvalitati, par pamatu npemot
ainavas interpretaciju, balstoties uz savu ieprieks€jo
profesionalo pieredzi); saskatamiba un ainavas
pieejamiba, kas aptver arT skatu analizi (Nikodemus,
Rasa, 2005). V&l vienu pétnieku grupu veido arhitekti,
teritorialplanotaji Olgerts Buka, Janis Brinkis,
Ivars Strautmanis un Janis Krastin$, kuru zinatniska
darbiba galvenokart saistita ar urbaniz&tas ainavas
planosanu. Tas ietvaros ainavas estetiskas kvalitates
krit€rijus nosaka arhitektoniski telpiskas kompozicijas
pamatelementi. Tom@r bez arhitektoniski telpiskas
kompozicijas ainavas estétiskas kvalitates veidosana
vini akcenté ari tadus kritérijus ka teritorialas vides
Tpatnibas, socioekonomiskie aspekti un politika
(Bringkis, Buka, 2001). Jaunakie Latvijas ainavas
estetiskas kvalitates petfjumi vairak saistiti ar dabisko
teritoriju izp@ti, izzinot to attistibas scenarijus un
raksturigas ainavas identitates saglabasanas iespgjas
(Nikodemus, Rasa, 2005). Urbanizgtas ainavas
konteksta pétijumi lielakoties aptver Rigas ka
Eiropa nozimigas kultiirvésturiskas ainavas izpéti,
kura vienlaicigi ar kultiirvesturiskajam vertibam
tiek noteiktas arT estStiski vertigas un saglabajamas
atseviskas pilsétas ainavu telpas. Sajos pétijumos
pielietota pasreiz&jo skatu analize. Lidz ar to citu
Latvijas lielako un vidgjo pilsetu estetiskas kvalitates
petfjumi Sobrid nav plasi veikti, un ta ir atverta t€ma
ainavu arhitektiiras un planoSanas nozarg.

Raksta autores ieprieks€jie ainavas estetiskas
kvalitates pétijumi aptver estétiskas kvalitates

novertéSanas metodiku, apkopojot iepriek§ minéto
zinatnieku atzinas divas pieejas — subjektivaja, kas
balstita uz katra ainavas vérotaja individualajam
iezimém (Melluma, Leinerte, 1992; Héagerhall,
1999; Ode, 2003), un objektivaja, kas pamatojas uz
gadsimtiem senu, maksla, arhitektiira un planosana
plasi pielietotu arhitektoniski telpiskas kompozicijas
pan@mienu izmantosanu ainavas estetiskas kvalitates
novertésana(Ziemelniece, 1998;0de,2003; Kundzins,
2004). Arhitektoniski telpiskas kompozicijas pieejas
galvenas vadlinijas raksta autore ieprieks aprakstijusi
untas pielietoSanas iesp&jas analiz&jusi, p&tot estétisko
kvalitati aizsargdjamas dabas teritorijas (Zigmunde,
2007), savukart subjektivas uztveres pieeju kopa ar
fotografiju metodi aprakstijusi un tas pielietoSanas
iesp&jas raksturojusi urbanizétas ainavas estetiskas
kvalitates izpéte (Zigmunde, 2006). Raksta analizéta
arhitektoniski telpiskas kompozicijas pieeja, kas
pielagota urbaniztas ainavas est€tiskas kvalitates
novertéSanas specifikai. Ta saistita ar pils€tvides
dazadajam funkcionalajam zonam, kuram katrai ir
savi noteikti estetiskas vides izveides nosacijumi
un principi (Brinkis, Buka, 2001), kas plasi apliikoti
zinatniskaja un praktiskaja literatira (Steiner,
Butler, 2007). Arhitektoniski telpiskas kompozicijas
pieeja (anglu valodas termins - Design (objective)
approach) balstita uz ainavas fiziska veidola analizi.
Pieejas ietvaros ainavas fiziskie elementi, pieméram,
reljefa formas, tidenstilpes, koki u.c., tick vienkarsoti,
uztverot un analizgjot tos ka geometriskus objektus,
kuriem piemit forma, Iinijas, tekstiira, krasa un citas
1pasibas (Antrop, Van Eetvelde, 2000; Ode, 2003).
Arl to savstarp&jas mijiedarbibas raksturosanai
izmanto tadus kompozicijas terminus ka dazadiba,
harmonija, ritms u.c. (Ziemelniece, 1998; Zigmunde,
2006). Ta ka pastav atskirigi ainavu tipi, tad to
novertésana balstas uz konkrétam tipam atbilstosiem
planosanas pamatprincipiem. Ainavu arhitekttras
joma ir izstradatas vairakas teorijas, kas nosaka gan
ainavas elementu, gan to savstarp&jas mijiedarbibas
planosanas formas, lai nodro$inatu péc iespgjas
augstaku ainavas estétisko kvalitati (Ode, 2003;
Kundzins, 2004; Steiner, Butler, 2007).

Urbanizgtas ainavas est&tiskas kvalitates p&tjjums
veikts Lielvardes pilséta Lielvardes pilsétas domes
pasttijuma darba ,,Liclvardes pilsétas apstadijumu
koncepcija” ietvaros, kura izstrade pabeigta
2007. gada rudeni. P&tijuma piedalfjas divas
pétnieces, praktiz€josas ainavu arhitektes, raksta
autore Daiga Zigmunde un Natalija Nitavska, ka ar1
divi tehniskie darbinieki, kuru galvenais uzdevums
bija sagatavot kartografisko un fotografiju materialu.
Pétijuma mérkis bija izstradat vertéSanas kriterijus,
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1. att. Pétijuma objekta — Lielvardes — izvietojuma shéma Rigas aglomeracijas konteksta.
(Avots: Brinkis, Buka, 2001.)
Fig. 1. Location of the study object — the Lielvarde town — in the agglomeration of the Riga city.
(Source: Brinkis, Buka, 2001.)

kas biitu pielagoti vienotas urbanizétas ainavas
estctiskas kvalitates izp&tei. Petijuma izvirzita
hipot€ze — urbaniz&tas ainavas estétiskas kvalitates
kritériju un novértésanas metodikas izstrade — ir
viens no priek$nosacijumiem vienotu principu
ievéroSanai dazado pilsétas funkcionalo zonu
izverteésana, ka art talakas attistibas planosana,
tadgjadi nodrosinot pilsétvides nesadrumstalotibu
(homogenitati), vertibu saglabasanu, savdabiguma
un pilsétas t€la nodrosinasanu. P&c iegltajiem
rezultatiem secinati uz arhitektoniski telpiskas
kompozicijas pieejas bazes izstradato vertéSanas
kriteriju pozitivie un negativie aspekti un talako
petijumu virzieni. Pozitivas atzinas raksturo
arhitektoniski telpiskas kompozicijas pieejas
objektivo pusi, jo ainavas estétiskas kvalitates
kriteriji ir skaidri defingjami un interpretéjami. Ka
iztrukstoSais etaps pétijuma tika secinats cilveka
jeb subjektivais faktors, kas papildus padzilinati
bitu jaietver turpmakos petijumos.

Materials un metodika
Pétijuma objekts un ta raksturojums

Par pétijuma objektu tika noteikta Lielvardes
pilseta. Tai raksturigi vairaki ainavas vizuali estetisko
struktiiru ietekmé&josi specifiski aspekti, kuri bitu
janem vera estetiskas kvalitates kriteriju izstrade:
—  kultarvesturiskais faktors;
— dabas elementi;
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— pilsétas  infrastruktiras  radita  telpiska
sadrumstalotiba;
— intensiva satiksme;
— Lielvardes tuvums Ogrei un Rigai.
Kultarvesturisko vidi Lielvarde raksturo gan
Tpasa vietas aura, ko veido latviesu dzejnieka Andreja
Pumpura eposa ,,Lacplesis” teli un legenda, gan
kultiirvésturiskais mantojums, ko nosaka Lielvarde
ka viena no senakajam Latvijas apdzivotajam vietam
(Latvijas pilsétas, 1999; Lielvardes pilsétas ..., 2002).
Lielvardes nozimigakie elementi ir aizsargajama
Daugavas krasta ainava, vairakas mazas upites ar
ietekam Daugava, ka arT vésturiskas alejas un parki
(Lielvardes pilsétas .., 2002). Lielvardes teritorijas
telpiska struktiira ir saméra sadrumstalota. To nosaka
gan kultlrvesturiskais faktors un dabas elementu
novietojums (mazo upisu ietekas Daugava), gan art
dzelzcels, valsts nozimes autoceli, elektroparvades
Iniju koridori un citi ierobezojosi elementi, kas
veido funkcionali nodalitas teritorijas. Vienlaicigi
Lielvarde ir loti dinamiska pilséta, ko rada intensiva
satiksme Riga—Daugavpils cauri pils€tas centram,
vizuali un funkcionali sadalot to divas dalas. Art
Latvijas galvaspilsétas, Rigas (55 km), un rajona
centra, Ogres (20 km), tuvums un darba iespgjas
tajas nosaka pilsétas iedzivotaju nepiecieSamibu
péc  augstas  kvalitates  dzivojamas  vides
(Lielvardes pilsetas ..., 2002). Lielvardes pilsétas
izvietojums Rigas aglomeracija attélots 1. attéla.
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Paslaik Daugavas ieleja posma no Rigas Iidz
Lielvardei ir viens no visurbanizgtakajiem Daugavas
posmiem, tas kopgja platiba ir 10 km? un aptuvenais
iedzivotaju skaits — 6700 (Lielvardes pilsétas ...,
2002).

Ainavas estétiskas kvalitates Kkriteriji un

arhitektoniski telpiskas kompozicijas pieeja

Lielvardes  pilsétas ainavas estétiskas
kvalitates kriteriju izstrade balstijas uz arhitektoniski
telpiskas kompozicijas pieejas bazes. Tas ietvaros
ainavas estetiskas kvalitates novertéSanas kriteriji
tika veidoti divas grupas.

Pirmas grupas kriteriji attiecas uz ainavas
rakstu, kas atspogulo ainavas elementu izvietojumu
un savstarpgjo ietekmi. Ainavas raksta estétiskas
kvalitates kriteriji tika struktur@ti tris apakSgrupas
(Zigmunde, 2007):

1. 1. Ainavas elementu esamiba, tips un
raksturigums. V@rtéSanas krit€riju grupas
ietvaros verté urbanizétaja ainava uzskaitito
dabas un cilvéka veidoto elementu funkcionalo
un estétisko atbilstibu konkrétajai pilsetas
funkcionalajai lietojot  vert&jumu
»raksturigs” vai ,,neraksturigs”.

2. 2. Ainavas elementu 1pasibas. Kritériju
apaks$grupa kriterijus, kas raksturo
ainavas elementu 1pasibas: krasa, forma, platiba
vai lielums, faktira, mérogs un proporcija,
mainigums laika un telpa (gadalaiku, laika
apstaklu ietekme). VEértéSanas procesa izmanto
arhitektoniski telpiskas kompozicijas teoriju,
kas plasi pieejama zinatniskaja un praktiskaja
(projektésanas un planosanas standarti) literatiira
(gusts, 1979; Irbite, Balina, 2005; Steiner,
Butler, 2007; LaGro, 2008), un lieto vertgjumu
»atbilst”, , neatbilst” vai ,,dal&ji atbilst teorijai”.
Papildus arhitektoniski telpiskas kompozicijas
pieejas  kritérijlem  ainaviski  Tpatngju,
savdabigu, ka arT kultirvesturisku teritoriju
vai atsevisku ainavas elementu noveérteéSanai
izmanto specifiskus kritérijus: parstavnieciba,
tipiskums un reprezentativitate, kas nosaka
objekta raksturigumu vietSjiem apstakliem un
noteiktam laikmetam; daudzveidiba, kas raksturo
geografisko, biologisko u.c. daudzveidibu;
retums un unikalitate; dabiskums, kas raksturo
cilveka ietekmes Itmeni uz konkréto teritoriju
vai elementu; platiba; vecums, saglabatiba un
izciliba, kas attiecas tiesi uz kulttirvésturiskajiem
elementiem (Ainavu  aizsardziba,
2000). Vertesanas procesa raksturo konkréta
kriterija vertibas pakapi — ,,zema”, ,,vid€ja” vai

zonai,

ietver

ainava

augsta” atbilstoSi katra elementa vai teritorijas
raksturojumam un noteiktajam statusam pils€tas
teritorijas planojuma.

3. 3. Ainavas elementu savstarpejas
mijiedarbibas formas. Kritériju apaksSgrupu
veido kritériji: ainavas elementu savstarpgjais
izkartojums — ainavas raksts un kompozicija;
krasu, formu un tekstliras saskana; savstarp&ja
proporcija; sasaiste ar ietveroso ainavu, blakus
esoSajam atSkirigajam funkcionalajam zonam.
Zinatniskaja literatlira un planosanas standartos
(Steiner, Butler, 2007; LaGro, 2008) Kkatrai
pilsétas funkcionalajai zonai ir tai raksturigi
elementi un to kompozicionalais sakartojums
(pieméram, daudzstavu dzivojamas apbives
zona, razo$anas zona u.c.), tapec lieto vertgjumu
,,atbilst”, . neatbilst” vai ,,dal&ji atbilst teorijai”.
Otra krit€riju grupa raksturo ainaviski telpisko

struktiiru jeb skatu uzbuvi. Tas ietvaros izskir

divas apaksgrupas.

1. Skata pieejamiba un saskatamiba (Nikodemus,

2001; Nikodemus, Rasa, 2005).
Ainavas saskatamibu un pieejamibu V&erte
pec ta, ka ainava izcelas uz kopgja apkartnes
fona un no cik skatu punktiem to iesp&jams
verot (Nikodemus, 2001). Par skatu punktiem
urbanizeta ainava noteikti celi, pa kuriem cilveki
ikdiena parvietojas ar transportlidzekliem
vai kajam, ka arT publiskas ara un iekstelpas.
Tas ir parki, skvéri, atpiitas vietas, kafejnicas,
lielveikali un citas. Izmanto vert€§jumu ,,laba”,
,,vidgja”, ,.slikta”.

2. Skata izteiksmigums un kompozicionala
uzbiive (Ziemelniece, 1998; Palmer,
Hofmann, 2001). Sie kritériji raksturo ainavas
elementu savstarpgja izkartojuma estétisko
kvalitati atbilsto$i zinatniskaja un praktiskaja
literatdira pieejamajai arhitektoniski telpiskas
kompozicijas teorijai (Susts, 1979; Irbite,
Balina, 2005; Steiner, Butler, 2007; LaGro,
2008). Izmanto vertgjumu ,laba”, ,vidgja”,
»,zema”.

Arhitektoniski telpiskas kompozicijas pieeja
un ainavas estStiskas kvalitates kriteriji shematiski
atteloti 2. attela.

Pilsetas funkcionalas zonas un to grupésana
Pamatojoties uz pilsétas dazado funkcionalo
zonu planoSanas atskiribam, S§is teritorijas Verte
atbilstosi to funkcijai un zinatniskaja literatira un
planosanas standartos noteiktajam vizuali est€tiskas
kvalitates prasibam (Steiner, Butler, 2007; Brinkis,
Buka, 2001). Pilsétas funkcionalas zonas grupe pec
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of landscape elements
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2. att. Ainavas estetiskas kvalitates vertesana pec arhitektoniski telpiskas kompozicijas pieejas.
Fig. 2. Landscape aesthetic quality assessment by the design approach.

literatiira pieejamajiem funkcionalo zonu grupu

tipiem (Brinkis, Buka, 2001):

1) pilsetas apstadijumu teritorijas, kas ietver dabas
teritorijas, mezus, parkus, skverus, kapsétas, upju
krastus, mazdarzinus, ielu un aizsargstadijumus;

2) udens teritorijas;

3) dzivojamas apbiives teritorijas, kas
daudzstavu un mazstavu dzivojamo apbiivi,
savrupmaju teritorijas;

4) sabiedriskas apbiives teritorijas, kas ietver jaukta
tipa darfjumu teritorijas, skolas, b&rnudarzus
u.tml.;

5) kultiirvesturiskas teritorijas;

6) tehniskas un razoSanas teritorijas, kas ietver
garazu, razo$anas u.c. teritorijas;

7) linearas izbiives teritorijas, kas ietver ielu un celu
tiklu, ka art dzelzcela teritorijas;

8) lauksaimniecibas zemes.

ietver
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Pilsétas attistibas virzienu un prioritasu
noteikSana

Katra estétiskas kvalitates vertéSanas kriterija
veértibas precizéSanai kriterijus papildus analize
pilsétas attisttbas un prioritaSu konteksta, lai
nodroSinatu vértibas atbilstibu tieSi konkrétajai
urbaniz&tajai ainavai. Pils€tas attistibas un prioritasu
definéSana kalpo arT ka filtrs, radot iesp&u novertet
katra ainavas elementa un ta IpaSibu noderigumu
nakotn& un konkrétas teritorijas lomu pilsétas ainavas
kopgjas estetiskas kvalitates nodrosinasana. Latvija
pils€tu attistibas virzieni un prioritates tiek ietvertas
konkréto pils€tu teritoriju attistibas planos.
Lielvardes pilsétas ainavas estetiskas
kvalitates veérteSana

Lielvardes pilsétas ainavas estétiskas kvalitates
izp€tes ietvaros tika izmantota arhitektoniski telpiskas
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Estéetiskas kvalitates kritériji, ko nosaka
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Ainavas elementi / Landscape elements

raksturigie, neraksturigie, pozitivie, _'_’ daudzstavu, mazstavu, savrupmaju,
negativie / characteristic, uncharacteristic, : mazdarzinu apbiive / multistory houses,
positive, negative private houses, garden area

Elementu 1pasibas / Qualities of Sabiedrisko, jaukta darjjuma eku
elements | zonas / Public spaces

krasa, forma, fakttira, mérogs, dinamika i RazZoSanas, tehniskas zonas / Industrial
laika un telpa / color, shape, texture, scale, zones

temporal and spatial movement Vertesana Apstadijumu zonas / Greenery

Ainavas elementu kompozicionala
mijiedarbiba / Mutual interaction forms
of landscape elements

ritms, proporcija, harmonija utt. / thythm,
proportion, harmony, etc.

Pieejamiba, saskatamiba,izteiksmigums/
Accessibility, visibility, expressiveness
Skata kompozicionalie aspekti /
Compositional quality of the scenery
priekSplans, dzilumplans, kulises utt. /
foreground, background, side-scenes, etc.
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Lielvardes funkcionalo zonu grupas /
Groups of functional zones of
Lielvarde town

Dzivojamo €ku zonas / Residential areas

parki, skveri, mezi, kapi, ielu un aizsarg-
stadijumi, upju krasti / parks, squares,
woods, cemeteries, street greenery,
greenbelts, riversides

Kulturvesturiskas, rekreacijas
zonas / Areas with high heritage value,
zones of recreation

Skatu analize / Scenery analysis

no celiem / from streets
no sabiedriskam uzturésanas vietam /
from public spaces

‘seqn.a

3. att. Lielvardes ainavas estetiskas kvalitates vertésanas shéma.
Fig. 3. The scheme of aesthetic quality assessment of Lielvarde town.

kompozicijas pieeja un uz tas bazes izstradatie
estétiskas kvalitates vert€Sanas kriteriji. VertéSanu
veica divas pétnieces, praktiz&joSas un sertificétas
ainavu arhitektes.

Pirmaja etapa tika sagrup@tas un kartStas
Lielvardes  funkcionalas Funkcionalo
zonu iedalfjumam par pamatu nemtas Lielvardes
attistibas plana izstradatas pilsétas funkcionalas
zonas (Lielvardes pilsetas ..., 2002), kas grupétas
peéc to noteicosas funkcijas. Pils€tas estétiskas
kvalitates vertéSanai tika izveidotas sekojoSas
grupas: lauksaimniecibas zemju teritorijas, pilsétas
apstadijjumu  teritorijas, dzivojamas apbiives

zonas.

teritorijas, sabiedriskas un jaukta darfjuma apbiives

teritorijas, kultGrvésturiskas teritorijas, udens
teritorijas, tehniskas wun razoSanas teritorijas.
NepiecieSsamo datu ieguve ainavas estCtiskas

kvalitates vértéSanai tika veikta daba, analizgjot
Lielvardes teritoriju pa iepriek§ strukturétajam
funkcionalo zonu grupam. Lauka izp&te norisinajas
desmit pilnas dienas 2006. gada rudent, labos laika
apstaklos. Katra funkcionalaja zona tika veikta
ainavas elementu uzskaite, raksturotas to ipasSibas
un elementu savstarpgja mijiedarbiba, kartéti un
analizéti skati no ielam, celiem un iedzivotaju
pulcésanas vietam, veicot arT skatu fotofiksazas.
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Nakamaja etapa péc nepiecieSamo datu
ieguves tika veikta to izvertéSana, kas norisinajas
auditorija. Tika verteti gan daba iegttie dati, gan
kartografiskais materials (Lielvardes pilsétas ...,
2002) un iegitas fotografijas, izmantojot ieprieks
izstradatas arhitektoniski telpiskas kompozicijas
pieejas pamatkritériju grupas. Vertésana balstijas uz
vertetaju ieprieks€jo zinatnisko un praktisko pieredzi
un ainavu arhitektfira lietojamo teorétisko bazi —
zinatniskaja un praktiskaja literatiira pieejamajiem
estetiski kvalitativas urbanizetas ainavas planoSanas
pamatprincipiem (Steiner, Butler, 2007; LaGro,
2008). Kartografiska materiala izpeté tika vertéta
ainavas struktiira, funkcionalo zonu izvietojums
pilsetas teritorija un to lielums. Lauka izp&te iegiito
datu vertesanas procesa katra kriterija vertiba papildus
tika analiz&ta, nemot véra pilsétas attistibas virzienus
un prioritates. Tie tika noteikti, pamatojoties uz
nostadnem, kas ieklautas ,,Lielvardes pilsétas ar lauku
teritoriju attistibas plana” (2002). Galvenie attistibas
virzieni un pilsétas ainavas estetiskas kvalitates
vertesana ieklautie nosacijumi bija: Lielvarde ka
mazpilséta; Zala pilséta; Turisma pilséta; Rigas un
Ogres pavadonpilséta. Tranzita nodroSinaSana tika
akcentéta ka sekundara pilsetas funkcija ar iesp&ju
nakotn€ to novirzit arpus pils€tas, tapeéc vertesana
netikaieklauta. Parvertgjumu ietekméjosunosacijumu

tika izvirzita mazpilsétai raksturiga arhitektoniski
telpiska kompozicija, kuras pamata ir dabas elementu
un mazstavu apbiives mijiedarbiba, ka arT sakartota un
veseliga dzivojama vide, ko nosaka pavadonpilsétas
pamatfunkcija. Papildus nosacijumu veido Tpasa
Lielvardes kultarvésturiska vide, kas akcenté
identitates, tradiciju un savdabiguma aizsardzibu un
saglabasanu. Lielvardes pils€tas ainavas est&tiskas
kvalitates vertesana shematiski att€lota 3. attela.

Rezultati un diskusija

Arhitektoniski telpiskas kompozicijas pieejas
ietvaros estétiskas kvalitates kriteriji
Lielvardes ainaviskas telpas struktiiras un skatu
analizé. Rezultati verteti pa Lielvardes funkcionalo
zonu grupam, vienlaicigi nemot vera pilsétvides ka
vienota organisma nosacijumu un iesp&jamos talakas
attistibas virzienus.

Lielvardes pilsétas ainavas raksta jeb strukttiras
vertgjumu  veidoja kartografiska un fotografiju
materiala, ka arT lauka izpete iegiito datu analize.
Izmantojot ainavas estetiskas kvalitates vérteéSanas
kriteriju grupu — ainavas elementu esamiba, tips
un raksturigums —, tika konstatets, ka mazpilsetas
noteikta attistibas virziena konteksta raksturigie
ainavas elementi ir mazstavu dzivojamas &kas
un savrupmajas (4. att.), ka ari dabas objekti —

izmantoti

4. att. Mazpilsétai raksturigie elementi — mazstavu savrupmaju apbiive
ar piemajas darzu veidoto zalo struktaru.
Fig. 4. Characteristic elements of a provincial town — private houses with
surrounding greenery.
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5. att. Daudzstavu dzivojamo €ku teritorijas ekspongjas Lielvardes ainava ar
pils€tas t€lam neatbilstosu arhitektiiru un labiekartojumu.
Fig. 5. Territories of multistoried dwelling houses with foreign architecture and
poor greenery which disharmonize with the image of Lielvarde town.

6. att. Negativa dominante Lielvardes pilsétas centralaja dala — tehniskas teritorijas.
Fig. 6. Negative dominance in the central part of Lielvarde town — technical territories.

mazas upites, Daugava un tas krasts, parki, alejas
un atseviskie koki. Kultirvesturiskais faktors
noteica, ka Lielvardei raksturigie elementi ir arl
pilsétas teritorija esoSie arheologijas, arhitektiras
un dabas pieminekli (Lielvardes pilsétas ...,

2002). Ka mazpilsétai neraksturigie elementi tika
konstatétas daudzstavu dzivojamas &kas (5. att.),
ko noteica arT to arhitektoniski zema kvalitate.
RazoSanas un tehnisko teritoriju izp&té ka vizuali
vienojosais elements tika konstatéts Sis teritorijas
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7. att. Lielvardes sadalijums funkcionalo zonu grupas:
1. — lauksaimniecibas zemes; 2. — pilsétas apstadijumi — mezi, parki, kapsetas, upju krasti, mazdarzini;
3. — dzivojamas apbiives teritorijas — daudzstavu un mazstavu apbiive, savrupmaju teritorijas;

4. — sabiedriskas un jaukta tipa darjjumu apbiives teritorijas; 5. — razoSanas un tehniskas teritorijas;
6. —deni; 7. — pilsCtas robeza; 8. — ielas; 9. dzelzcels; 10. — kultiiras pieminekli; 11. — aizsargjoslas.
Fig. 7. Grouping functional zones of town Lielvarde:

1. — farmland; 2. — greenery — woods, parks, cemeteries, river-sides, garden land; 3. — residential areas;
4. — public spaces; 5. — industrial area; 6. — water features; 7. — town boundary; 8. — streets;

9. —railway; 10. — cultural monuments; 11. — protection belts.

ietveroSais nozogojums (6. att.), tapec vietam tas
nebija iespgjams izvertet. Nozogotas teritorijas
tika noteiktas ka neraksturigs elements mazpilsétas
konteksta un uztvertas ka negativas dominantes,
seviski pilsétas centra zona. Lidz ar to, nosakot
ainavas raksturigos un neraksturigos elementus,
tika konstatéts, ka Lielvardes estétiskas kvalitates
nodroSinasanai un uzlaboSanai ir nepiecieSams
saglabat esosas kultlirvesturiskas vertibas un dabas
elementu daudzveidibu, akcentét mazstavu apbiives
planosanu, uzlabot daudzstavu dzivojamo kvartalu
estétisko kvalitati, ka ari veicinat razoSanas un
tehnisko teritoriju parvietosanu uz pilsétas periferiju.

Veértesanas kriteriju grupa, kas verté ainavas
elementu ipasibas, tika konstatéts, ka tiesi dabas
elementi un to daudzums visaktivak ietekmé
Lielvardes estetisko  kvalitati. Tiem
piemit daudzveidigs 1pasibu spektrs (krasa, forma,
faktira, merogs, proporcija un citas), kas atskiriba
no cilvéka veidotajam biivém ir mainigas laika
un telpa (pieméram, sezonalas izmainas). Ka
problematiskakie elementi tika noteiktas daudzstavu
dzivojamas ¢kas, kas m&roga un proporcijas krasi

ainavas
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atSktras no pilsétas pargjiem dabas un cilvéka
veidotajiem elementiem. Savukart razoSanas un
tehniskas teritorijas tika raksturotas negativi, vertgjot
objektu mérogu, proporciju, ka ari krasu, formu
un faktiru. Lidz ar to, vértSjot ainavas elementu
Tpasibas, tika noteikts, ka nepiecieSams saglabat
dabas elementu daudzumu, kas nodroSina ainavas
daudzveidibu. Daudzstavu dzivojamas apbiives,
ka ar1 atseviSku razoSanas vai tehnisko objektu
estétiskas kvalitates uzlabosSana iesp&jama, veicot eku
fasazu arhitektonisko parveidoSanu. Savukart plasas
razoSanas un tehnisko objektu teritorijas p&c objektu
un funkcijas parvietoSanas uz pils€tas perifériju
biitu iespgjams transformét apstadijumu vai jaukta
darfjuma zonas. Islaicigam risindgjumam iesp&jama
arT aizsargstadijumu izveide ap tam.

VertéSanas  kritériji, kas raksturo ainavas
elementu savstarpéjo mijiedarbibu, tika izmantoti
kartografiska materiala analiz€, veicot Lielvardes
funkcionala zongjuma izpéti (7. att.). Kartografiska
materiala analizé tika konstatéts, ka nozimigu
teritorijas dalu aiznem dzivojama apbuve (7. attéla
apziméta ar 3), kas galvenokart skaidrojams ar
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8. att. Dalgji aizsegts skats uz Lielvardes baznicu.
Fig. 8. Partly covered scenery of the heritage element — the Lielvarde church.

Lielvardes ka gulamzonas funkciju, ko nosaka Rigas
un Ogres tuvums. Karté labi nolasams dzelzcela
un automagistrales Riga—Daugavpils veidotais
pilsétas struktiiras dalfjums tris atseviskas zonas,
kas ietekm& gan pils€tas funkcionalo apriti, gan
apgritina vienotas pils€tas ainaviskas telpas uztveri.
Apstadijumu teritorijas (7. att€la apzimétas ar 2)
izvietotas haotiski, tam triikst vienojoSas sistémas,
kas tas izvitu cauri pilsétai, tadgjadi radot iespgjas ari
jaunu publisko telpu veidoSanai. Kultirvesturiskie
objekti (7. att€la apziméti ar 10) un nozimigakie dabas
elementi (Daugavas krasts un mazo upiSu ietekas)
parsvara izvietojusies apstadijumu teritorijas. To
ietekmé€ ar1 likumdosana noteiktie ierobezojumi, kas
nepielauj aktivu bivniecibu $o objektu aizsargjoslas
(7. attela apzimétas ar 11). ArT jaukta darfjuma un
sabiedriskas apbtives teritorijas (7. attela apzimétas
ar 4) izvietotas dazadas pilsétas vietas, apgrutinot
pilsétas centra definéSanu un sabiedriskas dzives
organizéSanu. PasSreizgjas lauksaimniecibas zemes
(7. attela apzimétas ar 1) pilséta paredzams ar laiku
apgiit ka dzivojamas apbiives teritorijas, ko veidotu
mazstavu ekas. Lidz ar to So teritoriju ietekme uz
Lielvardes ainavas estétisko kvalitati vertgjama ka
1slaiciga, un lielaka uzmaniba pievérSama tiesi So
teritoriju talakai attistibas vizijai, kas biitu javeido
konteksta ar pils€tas ainavisko telpu.

Sie rezultati lauj secinat, ka apstadijumu teritorijas
ir iespgjams daudzpusigi attistit, izmantojot tas ka

10

sasaistes elementus (ielu apstadijumi, zalas parejas
par dzelzcelu un automagistrali, dzivZzogi, gravju
sisttma gar savrupmaju teritorijam un citi veidi)
dazadu zonu funkcionalai telpiskai
savienoSanai. Izveidojot zili zalo struktiiru pilséta,
kas savienotu lielakas apstadijumu platibas — parkus
un skverus —, pakartojot jauno apstadijumu teritorijas
mazo upisu tecEjumam, iesp&jams akcentet pilsétas
vertibas, ka ari radit jaunas publiskas artelpas. Tas ne
tikai uzlabotu Lielvardes ainavas estétisko kvalitati,
pilsetas vides veseligumu un ilgtspgjas iespgjas, bet art
veidotu skaidraku ainavas struktiiru pilsétas vienotas
ainaviskas telpas konteksta. Kulttrvesturiskie objekti
un Tpasie dabas eclementi aplikojami kopa ar tos
ietverosajamapstadijumu teritorijamun interpret&jami
ka to neatnemama sastavdala. Sabiedrisko un jaukta
darfjuma apbiivi butu jakoncentré pils€tas centra,
ko paredz ar1 ,,Lielvardes pilsétas ar lauku teritoriju
attistibas plans™ (2002).

Lielvardes pilsétas ainaviski telpiskas struktiiras
jeb skatu vértejums tika veikts, analiz&jot fotofiksazas.
Kriteriju grupa skata pieejamiba un saskatamiba
tika konstatets pozitivu skatu trukums, ka arT zema
pieejamiba vietam, no kuram paveras vertigi skati.
To galvenokart nosaka Lielvardes pilsétas izstiepta
struktira, kuru veido automagistrale Riga—Daugavpils
kopa ar apbuvi. Tadgjadi veidojas vienveidiga,
lineara ainava. Tas izstiepto struktiiru iesp&jams
slapét, veidojot gar automagistrali jaunas ainavu

un vizuali
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telpas kombinacija ar dominantém. Zema pieejamiba
un saskatamiba tika
objektu un Ipaso dabas elementu izpéte. To ietekmé
bliva vegetacija, kas tos ietver (8. att.). Lidz ar to
nepieciesams atveért skatus uz Siem objektiem, ka art
kompozicionali ieklaut tos kop€ja pilsétas ainava.
Ierobezota skata pieejamiba un saskatamiba tika
noteikta arT Daugavas krasta ainavas izp&té. Krasta
ainava pils€tas konteksta nav nolasama, ko ietekm&
bliva krasta apbiive un zemas kvalitates teritoriju
labiekartojums. Tadgjadi Daugavas krasta ainava
biitu jaintegre pilsétas kop&ja ainava, jo tai ka ipasam
aizsargajamam objektam piemit liels potencials
ienemt nozimigu vietu Lielvardes ainavas estetiskas
kvalitates veidoSana.

Kritériju grupa skata izteiksmigums un
kompozicionala uzbiive izteiksmigakie skati tika
konstatéti vietas, no kuram iesp&jams vérot atvértas
telpas, ko veido mazo upisu ielejas. Neizteiksmigi
skati tika konstateti daudzstavu dzivojamas apbiives
teritorijas, kuras dazadas pilsétas vietas ekspongjas
ar atsevisku €ku puduriem. Tas nerada harmoniju ar
kopgjo pilsétas ainavu, kas savukart veicina zemas
kvalitates skatu veidoSanos. Problematiska skatu
kompozicionala uzbiive tika konstatéta skatos no
centralas ielas, kas veidojas vienveidigi, apgriitinot
pilstas ainavas struktiiras nolasiSanu. Lidz ar to
netiek izcelts pilsétas centrs un dazado funkcionalo
zonu dazadiba. Vadoties p&c Siem rezultatiem, tika
noteikts, ka biitu javeicina katra daudzstavu apbuives
kvartala t€ls un atpazistamiba, ka arT tie biitu jaintegre
kopgja pilsetas struktiira, izmantojot apstadijumus
ka sasaistes elementus. Tadgjadi pilsétas ainava
bitu iesp&jams radit savdabigus akcentus un slapét
nejausa planojuma iespaidu. Savukart sabiedriskas
un jauktas darfjumu apbiives koncentré$ana pilsétas
centra veicinatu kompozicionali izteiksmigu skatu
veidosanos no galvenasielas, vienlaicigi arTakcent&jot
centra lomu pils@tas ainavas strukttra. Tapec pozitivi
vertejams jaunais ,Lielvardes pilsétas ar lauku
teritoriju attistibas plans” (2002), kas paredz veidot
§is teritorijas pilsétas centra dala. Tomér nakotné
pie ta attistibas scenariju izstrades biitu janem véra
ieprieks noteiktie Lielvardes ka vienotas ainaviskas
telpas attistibas nosacTjumi.

konstatéta kulttrvésturisko

Secinajumi

Arhitektoniski telpiskas kompozicijas pieeja
urbanizStas ainavas estétiskas kvalitates izpétei
uzskatama par universalu un izmantojamu dazadas
pilsétu ainavas, jo pamatkriteriju grupas veidotas,
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balstoties uz kompozicijas teoriju, bet papildu
kritérijus iesp&jams pielagot konkretas urbanizetas
ainavas specifiskajiem aspektiem. PEc petijuma gaitas
un iegiitajiem rezultatiem var secinat, ka izstradatie
ainavas estetiskas kvalitates vertéSanas kriteriji
veiksmigi izmantojami urbaniz€tas ainavas izpéte, jo
to lietoSana ir vienkarsa un iegtitie rezultati — viegli
interpretgjami. Petijumaizstradataestetiskaskvalitates
novertésanas metodika un kritériji nodrosinaja vienotu
principu ievérosanu dazado pilsétas funkcionalo zonu
izpéte. Lidz ar to bija iesp&jams izvertet un savstarpgji
salidzinat katras zonas atskirigo un kopgjo, konkréto
zonu attistibas potencialu, iespg&jamos virzienus un
nepieciesanos uzlabojumus
vides izveidei, ka arT nosacTjumus estetiski vienotas
pilsétas ainavas attistibai. Tomér ka arhitektoniski
telpiskas kompozicijas pieejas iztrikstosa dala
pétijuma tika konstatéta nepiecieSamiba §is metodes
ietvaros integrét arl pils€tas iedzivotaju subjektivas
uztveres noteiktos kriterijus. Lielvardes ainavas izpete
izmantotieainavasestetiskaskvalitateskrit€rijinespeja
nodrosinat kompleksu izvertgjumu, kas apvienotu
gan objektivo pieeju, kas balstita uz kompozicijas
teoriju, gan ari subjektivo pieeju, ko veido iedzivotaju
redz&jums par pilsetas turpmakas attistibas iesp&jam.
Lidz ar to ta biitu jaieklauj turpmakajos pe&tijumos,
jo tikai abu pieeju pielietosana, t.i., profesionalas
pieejas apvienosana ar ikdienas cilvéka vajadzibam
un izpratni par vélamo sev apkart, lauj iegiit praktiski
izmantojamus rezultatus talako ainavas planojumu
izstradei.

estétiski  kvalitativas
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Abstract. Phosphorus is the plant nutrient most often linked with impairment of surface water. The phosphorus
index (PI) approach is developed and widely applied in the USA as well as it has been adopted in several
European countries, especially in Scandinavia with main aim to estimate the risk of phosphorus loss from
agricultural areas to surface waters. There is no “standard” PI, as a result scientists try to develop new versions
of PI to account for specific regional conditions. Consequently, a great variety of different versions and
modifications of phosphorus indices are presented. The aim of the paper is to provide an overview of the
development of the risk identification tool (phosphorus index) to measure the risk of phosphorus losses from
agriculture fields already at a farm level. The design of phosphorus index is based on the original PI and later
versions of the model for prediction of the phosphorus load from agriculture field to nearest water body, taking

into account findings in phosphorus research and local environmental experts’ judgments.
Key words: phosphorus index, risk identification tool, phosphorus losses, surface water quality.

Introduction

The significance of phosphorus (P) pollution
from agricultural sources to surface waters has been
emphasized in a prominent number of scientific
articles tended to advance research of P, because
of the great ecological and agronomic significance
of P, influencing both crop productivity and
eutrophication (Sharpley, 1995). Phosphorus poses
environmental problems due to its high contribution
to eutrophication of fresh water bodies — undesirable
growth of algae leading to low dissolved oxygen and
degrading the water quality (Zaimes, Schultz, 2002).
Phosphorus loss mostly is defined as a complex
function that includes climate, soil type, land
management, and other temporal and spatial factors
that make influence on P transformations via P loss
pathways to surface water bodies. Consequently, the
primary objective of the article is to demonstrate the
concept of P assessment tool that could be easily
modified according to actual findings about relative
importance of factors that accelerate potential
of phosphorus loss. The aim of the work is not to
suggest a new model, but to find the best way of
integrating the existing P indexes.

LLU Raksti 25 (320), 2010; 13-26

Importance of Phosphorus in
Environment and Agriculture

Phosphorous is naturally available in the
ecosystem due to weathering of parent material and
deposition in the soil by plants and animals. The
phosphorus loss from agricultural areas to surface
waters arises from the contribution of dissolved P
(DP) and particulate P (PP) via different pathways
as soil erosion and surface runoff, bank erosion,
leaching, and tile drainage water (Kronvang,
Bechmann et al., 2005). According to Haygarth
and Sharpley (2000), dissolved and particulate
phosphorus are differentiated by whether or not
they pass through a 0.45 um membrane filter. P
fraction that passes through the membrane filter is
defined as dissolved or soluble P, but P fraction that
does not pass is called the particulate, sediment-
bound, or suspended P. DP primarily consists of
orthophosphate and it is immediately available for
algae while PP is a long-term source of potentially
bioavailable P. Particulate phosphorus may be
associated with soil particles and minerals containing
aluminium, iron, or calcium, or with organic matter.
Loss of particulate phosphorus primarily is linked
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Table 1

Phosphorus transport mechanisms
(Zaimes, Schultz, 2002)

Transpprt Description Examples
mechanisms
Transport of P from the soil particle or adsorption site Leaching as the elluviation of
Dissolution  to the soil solution determined by chemistry refer to the solutes through soil
movement of dissolved P (micro-scale process)
. Primarily mechanism refers to the movement of particulate Soil erosion, displacement
Physical . .
P (macro-scale process) and entrainment of colloids
Transport of P controlled by unique conditions as short-
Incidental term transport of P fertilizer or manure after effective Runoff
rainfall
Table 2
Phosphorus transport pathways
(Zaimes, Schultz, 2002)
Type of . . . .
Aow Details of flow P transport details Typical soils
The downward (vertical) Little movement of P because
Matrix flow movement of water through  the surface soil accumulates Sandy, acid, organic soil with
the macro- and micro-pores ~ most of it (immobile and low P fixation (Djodjic, 2005)
of the soil easily adsorbed)
The downward movement Greater transport of P because Structured heavy soils,
Preferential  of water in larger subsoil water moves faster with less  clay-rich soils (Heckrath,
flow pathways (fissures, cracks, chance of adsorption Bechmann et al., 2008)
burrows, wormholes)
Down-slope movement of Traditionally considered as the Determined by soil physical
Overland water over the soil surface major transport pathway for P properties, vegetation cover,
flow during heavy rainfall events  in agricultural landscapes and slope steepness
Provides the major Sandy, poorly drained soils
Interflow Lateral movement of water ~ proportion of flow in many with high soil P levels; soil
in the soil streams, typically has low P with a sandy A horizon and a
concentrations heavy clay B horizon
Land Even if tile water has low P concentrations, it could be a major pathway, because of the large
drainage areas that have been tiled and contribute significant amounts of water to stream flow

by soil erosion. Whereas dissolved phosphorus may
result from leaching of fertilizer, crop residues, or
human or animal wastes.

Phosphorus transport to surface waters is
initiated by three main transport mechanisms
(incidental, physical, dissolution) with hydrology
as the main driving force (Table 1). The most
important pathways moving P from agricultural
landscapes are matrix flow, preferential flow,
overland flow, interflow, and land drainage
(Table 2, Fig. 1). These phosphorus pathways may
interrelate. The concentration of P in overland and
subsurface flow is related to the concentration and
release rate of P in soil (McDowell, Sharpley, 2003).

14

Matrix flow can be controlled by drainage in order
to reduce discharge from arable fields during wet
season, but preferential flow — by deep cultivation
to destroy macropores and utilize subsoil sorption
capacity. Overland flow can be diminished by (a)
improving infiltration (proper tilling activities
(tillage across slope, spring till instead autumn or no
till (conservation tilling)); (b) reducing detachment
(improved soil structure by liming, increasing
content of organic matter, crop cover); (c) purifying
overland flow (riparian buffers) (Bergstrom, Djodjic
et al., 2007).

Calculations should account for P losses through
flow types and take into consideration different
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Soil profile scale
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Fig. 1. Pathways for phosphorus transport (Zaimes, Schultz, 2002).
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Dissolution
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+
THE PROBLEM > P transported to surface waters

Fig. 2. Statement for PI development.

factors for each transport mechanism. According to
Pautler and Sims (2000), soils have a defined capacity
to adsorb P, and when a critical P sorption saturation
level is reached, there is a probability of P loss to
the surface water. For example, high soil P content
in the topsoil may result in a high P loss risk value.
However, this high potential for P losses is fulfilled
only when the buffering capacity (the ability of soil
to resist changes in pH) of the subsoil is either low
or bypassed through surface runoff or preferential
flow. Hence, the importance of some factors may be
reduced or emphasized by other factors. Also, the
significance of the buffering capacity of the subsoil
is high if slow matrix flow is the dominant transport
pathway, but it is negligible if interaction between

LLU Raksti 25 (320), 2010, 13-26

percolating water is reduced because of rapid
transport through macropores (Djodjic, Bergstrom,
2005). Consequently, all these considerations should
be accounted to analyze problems linked to P loss and
PI design (Fig. 2).

Phosphorus Index Approach to Estimate
Relative Potential for Off-site Movement
of Phosphorus

Modelling tools to predicting P losses from soil
to water differ widely from complex approaches
to simple indicators. However, in the case of the
water management problem it is essential to work
with methods that can provide results by taking
into account data availability as a limiting factor
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(Bechmann, Stalnacke, Kvarneg, 2007; Lemunyon,
Gilbert, 1993). The use of appropriate models can
help to fill gaps in empirical data and predict P
pollution pressures, as well to evaluate management
alternatives in order to diminish the possible risk
(Haygarth, Condron etal., 2005). Scientific literature
offers different approaches to estimate the risk of
nutrient losses from soil to water (Kovacs, 2004;
Vadas, Owens, Sharpley, 2008; Huttunen, Huttunen
et al.,, 2007). Due to the previous statement, it is
important to place emphasis on the strategy of the
index tools. Index approach has been demonstrated
according to the advantage of simple and immediate
application that can give acceptable results with
easy available input data (Leone, Ripa et al., 2008).
The phosphorus index (PI) concept was at first
developed in the United States of America (USA)
and has been defined as a risk-assessment tool that
combines phosphorus source factors, transport and
management factors to rank the fields according
to their risk of P losses or the vulnerability of
fields to P losses in runoff (Lemunyon, Gilbert,
1993). The index outcome is the value for an
individual field placed into a category (very
low to very high risk of P loss) with associated
interpretations and recommendations for nutrient
management.

Original version of the PI developed by
Lemunyon and Gilbert (1993) consists of matrix
of 8 site characteristic parameters assigned to
respective weighting values that present parameter
effect on P loss (soil erosion (1.5); irrigation erosion
(1.5); runoff loss (0.5); soil P test (1.0); fertilizer
application rate (0.75); P fertilizer application
method (0.5); organic P source application rate (1.0);
organic P source application method (1.0)) and site
characteristic parameters rating values for P loss risk
identification. Rating values for each parameter of
site characteristics show an association of P loss: very
low (1), low (2), medium (4), high (6), and very high
(8). The original PI is a sum of the product of the
rating value and corresponding weighting value for
each site characteristic (Birr, Mulla, 2001). Since, the
PI has been widely modified. The most complicated
task of P modifying is to adjust weighting factors and
coefficients of PI bringing them as close as possible
to specific region conditions. In addition, some
countries have involved very specific parameters in
PI. For example, snowmelt is included in Norway
PI to evaluate how it affects potential of P loss
(Bechmann, 2005). The main advantages of earlier
approaches to phosphorus indexing are simplicity
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and no need for assumptions about relationships
between P source factor and P transport factor that
advance movement of P. Later it was accepted that
PI should focus on the so called critical source areas
of P loss where source and transport conditions
come together to favouring environmental problems.
Sharpley (1995) declared that high P source with
little opportunity for transport to surface water,
like no P source and high transport potential may
not constitute an environmental threat. Mallarino,
Stewart et al. (2002) clarified this by an example
showing that dissolved P in runoff or subsurface flow
immediately after solid manure application may be
lower than for liquid manure sources because of solid
manure lower proportion of water soluble P, at the
same time losses of soluble P in runoff may be lower
for liquid manure than for solid manure because of
greater infiltration and soil interaction when liquid
manure is applied. Consequently, authors of later
versions of PI modified the original approach for
separate assess of source and transport factors before
combining the integrated source and transport factors
multiplicatively (Heckrath, Bechmann et al., 2008).

Most USA states and many European countries
have adopted index approach and developed
modified versions of PI to take into account local
conditions by evolved PI from an additive to
a multiplicative approach. In early PI versions
(also original in PI), factors were additive. As
explained before, this means that all factors were
considered equivalent (with adjustments for variable
weighting). A weighting coefficient was assigned
to each factor to reflect its relative importance in
contributing to P loss. The PI was calculated by
multiplying each potential P loss rating by its
corresponding weighting factor and summing the
results. A modification introduced in recent indices
mostly uses a multiplicative approach. The various
PI factors are arranged into two distinct groups:
phosphorus transport factors (for example, soil
erosion, runoff class, and distance to a stream), and
P source factors (P content in the soil, application of
P chemical and organic fertilizer). The phosphorus
source potential value is then multiplied by the P
transport potential value. A detailed overview about
PI development in USA and Europe is provided
by Buczko and Kuchenbuch (2007). Despite the
idea that PI is not a P loss quantification tool,
but a P loss risk-assessment tool, designing of PI
maximally appropriate for the specific conditions is
the most complicated task of PI development and
modification.
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Edentifying P loss factors (A, B, C a

Identifying factors values
A=[x,y, z...],...)

Determining risk level of each value
(A=[x=0,y=2, z=4...],...)

Determining PI
F(A,B,C..)

Fig. 3. Process of PI design.

Methodology of PI Development

Methodology of PI design for local conditions
developed in the research consists of several steps.
Step | includes identification of PI factors represented
as index parameters that describe P loss. Parameters
for PI design are adopted from P indexes already
used in USA and Europe and are carefully selected
for the best characterization of their influence on P
availability, movement and management by taking
into account data limitation for Latvia conditions.
Following PI parameters were selected:

1) P source factors: soil P factor for representing
the risk arising from processes of P loss resulting
from high soil P content; P application factor
for representing the risk of P loss arising due to
an excessive and inappropriate application of
phosphorus;

2) P transport factors: erosion, runoff, leaching,
draining system, filter wells, and buffers.

Step 2 includes determination of Pl parameters
values. A rule is set that all values for each parameter
must be qualitative to keep the original PI approach.
Step 3 is devoted to ranking of parameter values and
assigning them to P loss risk levels with a numerical
value: very low (1), low (2), medium (4), high (6),
and very high (8). It is one of the most important steps
and requires use of expert systems. Expert system
approaches usually are used to identify appropriate
ratings and weightings for factors or indicators via
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the expert judgment if the data is limited or when the
available data is incomplete as like as research data
for specific conditions (Burgman, 2004; Linstone,
Turoff, Helmer, 2002). Consequently, an expert
system that relies on a panel of independent experts is
applied to seek collective judgments about the rating
of risk description for each parameter that explains a
particular factor of P loss included in PI as possibly
close to local conditions. For the agreed list of
parameters and parameters values, experts’ judgments
are used to rate importance of each parameter with
respect to the risk of nutrient loss from field to the
wider environment. Experts’ opinion is determined
using rating scores from 1 (least important) to 8 (most
important). For example, for the P leaching parameter
experts suggested to use soil texture as risk estimator
and made decision about soil textures that are most
vulnerable to P leaching to soil textures that can not
be considered with P leaching. Finally, all parameters
values have two to five risk levels with assigned
numerical values. The structure of PI is defined in
step 4 (Fig. 3).

Finally, P management factors should be
analyzed and evaluated with respect to notable role
of the management to diminish the influence of P
loss factors. These factors are defined as correction
parameters and assigned to weights 0.2—1 and up. For
solving the problem of PI outcome boundaries for all
risk categories, multi-objective optimization methods
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and algorithms and multi-criteria decision making
have been used (Berzina, Zujevs, 2008).

Parameters and Their Ratings Included
in PI

Soil P component (SP) is the P source factor
and includes soil testing results for P content in soil.
Soil P status describes the natural background of the
potential amount of P to be released. Pennsylvania
PI and several PI’s that are based on it use the soil
test P number and multiply it by a fixed number. This
number is decided by professionals on the field, as
like as other weighting numbers. It should be noted
that weighting factors are corrected in order to bring
PI nearer to specific site conditions; however, like
the original authors (Lemunyon, Gilbert, 1993) of
the PI, other authors do not explain in their reports
how these numbers are obtained. Consequently,
soil P component is not presented as soil P testing
result (suggested by Norwegian and Danish P
indexes) (Heckrath, Bechmann et al., 2008). This
component is developed based on research about P
concentrations in Latvia soils (Timbare, Reinfelde,
2002). Soil P component categories as soil P content
for PI calculation are set as follows: (a) less than
13 mg kg' (1 — very low risk); (b) 13-26 mg kg
(2 — low risk); (c) 27-52 mg kg' (4 — medium
risk); (d) 53-109 mg kg' (6 — high risk); (e) over
109 mg kg' (8 — very high risk).

Application of P fertilizers (AP) component
describes phosphorus application rate considering
the total amount of P in manure and/or commercial
fertilizer applied to a field for crop requirements. The
application rate was based on generalized plant uptake
requirements for commonly grown crops in the area.
The higher are plant requirements, the higher is the
risk of P loss because P fertilizer application arises.
Phosphorus application parameter rates are placed in
the following categories: no additional P (1 — very
low risk), pastures (2 — low risk), winter and spring
cereals, alfalfa, (4 — medium risk), rape, potatoes,
beets (6 — high risk), and vegetables — cabbage,
cucumbers, beans (8 — very high risk).

Erosion component (E) describes the loss of P as
aproduct of the erosion rate and the P concentration of
the eroded matter (Ekholm, Turtola et al., 2005). The
output of the erosion component is an approximate
estimate of the total amount of P delivered with
sediment, excluding dissolved P in runoff. Several
studies highlight the importance of soil erosion and
physical transfer of P with soil particles from land
to water. Even some episodes of water erosion
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occur during snowmelt and when frozen soil thaws
may increase P losses (Djodjic, Bergstrom, 2005).
Erosion is documented as the most important factor
determining P transport in Norway and Sweden.
However, soil erosion is not considered as major
P loss pathway in Denmark due to topography
and rainfall intensity (Heckrath, Bechmann et al.,
2008). The transfer of particulate P in overland
flow and erodibility is significantly affected by soil
management (Bechmann, 2005). Usually soil erosion
potential for PI is calculated using the Universal
Soil Loss Equation (USLE), but there are some
limitations while using the USLE to calculate soil
loss in Latvia, because the USLE is calibrated for use
in the USA. The represented PI model uses research
about erosion processes in Latvia (Boruks, 2004). For
parameter “erosion” , rating categories of P loss risk
are determined using the following: (a) field slope —
0-5% (1 — very low risk); (b) field slope — 6-9%
(2 — low risk); (c) field slope — 10-14% (4 — medium
risk); (d) field slope — 15-20% (6 — high risk); (e)
field slope >20% (8 — very high risk).

The surface runoff (R) component estimates
the amount of both particulate and dissolved P (Hart,
Quin, Nguyen, 2004). Runoff is highlighted as the
major P transport pathway for most agricultural soils.
Soil and plant material are significant sources of P
to runoff, but their effect can be overwhelmed by P
release from recently applied, inorganic fertilizers that
are left unincorporated (Hart, Quin, Nguyen, 2004).
Results from the research clearly show the influence
of P sources and rainfall intensities on P concentration
in surface runoff (Shigaki, Sharpley, Prochnow,
2007; Quinton, Catt, Hess, 2001). Vadas, Owens, and
Sharpley (2008) present data that the amount of P
fertilizer adsorbed by soil reaches a maximum at about
75% of that applied and remaining 25% of P fertilizer
stay available to be leached by rain and transported in
runoff. They also observed that adsorption of fertilizer
P by soil decreased as the soil moisture or degree of
contact between fertilizer and soil decreased (Vadas,
Owens, Sharpley, 2008). Other studies (Kleinman,
Sharpley et al., 2002; Kleinman, Srinivasan et
al., 2006) show that dissolved P concentrations in
runoff in the first storm after fertilizer application
can be greater than P concentrations in runoff from
unfertilized soils. Shigaki, Sharpley, and Prochnow
(2007) reported an example that the effective depth of
interaction between surface soil and runoff P increase
with an increase of rainfall intensity and field slope.
However, there is also evidence that high levels of P
pollution can arise from grassland fields in pastoral
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Table 3

Runoff evaluation classes

Soil texture classes

Slope, %
sand loamy sand, sandy loam clay
<0.5 1 (very low risk) 2 (low risk) 4 (medium risk)
0.6-3.0 2 (low risk) 4 (medium risk) 6 (high risk)
>3.0 4 (medium risk) 6 (high risk) 8 (very high risk)

farming areas. This appears to arise both during
slurry spreading and during grazing. The occurrence
of high levels of loss under wet conditions indicates
environmental benefits from avoiding slurry spreading
on wet soil or during rain (McGechan, Lewis, Hooda,
2005). Fresh application of P may be a significant
reason for incidental loss of dissolved and particulate
P forms in land runoff when rainfall interacts directly
with fertilizers and manures which are spread, or
excreted, onto the soil surface. Studies in Norway
show that incidental P loss may give a dominant
(50-98%) contribution to P loads in runoff
(Bechmann, Krogstad, Sharpley, 2005). The review
of Heckrath, Bechmann et al. (2008) also pays
attention to soil type in the process of surface runoff
evaluation. Runoff must be a particularly important
PI parameter also for Latvia conditions (Dzalbe,
Jansons etal., 2005). The presented PI model arranges
risk classes for parameter “runoff” based on data about
field slope and soil texture (Table 3). The background
for this assumption is provided by Radcliffe and
Nelson (2005) and Shkinkis (IIIkuakuc, 1981).
Leaching (L) as well as sub-surface drainage
may be important pathways of P loss under certain
conditions, particularly if the soil has a very high
content of P. Sandy soils are tended to be particularly
vulnerable since they have a very low adsorption
capacity for phosphorus (Mainstone, Parr, 2002).
High leaching losses have been documented
from heavily fertilized sandy soils, particularly in
combination with large phosphorus doses in the form
of manure or artificial fertiliser (Djodjic, Bergstrom,
2005). Other soils are supposed to be less vulnerable,
but still may be at risk due to macropore and fissure
flow within the soil structure. Concentrations of P in
leachate vary notably between soil textures. Fortune,
Lu et al. (2005) have pointed out the change point
concentration above which a significant quantity of
P is available for leaching losses. Change point is
the P concentrations in soils at which the rate of P
leaching from soil suddenly increases. The frequent
application of animal manures has been shown to
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promote the downward movement of P. The results
suggest that despite the establishment of fast growing
grass, P concentrations would not be mitigated in
the short-term, due to the large contribution of P in
subsurface pathways (McDowell, Sharpley, Folmar,
2001). Another option to reduce the risk of phosphorus
leaching is to grow crops such as lucernes, which due
to their deep root system have the capacity to take
up large amounts of phosphorus from the soil. At
harvest, the phosphorus is then removed from the
field (Bergstrom, Djodjic et al., 2007). However,
opinion about leaching varies, for example, loamy
soils are attributed a higher weight in the Danish PI
than sandy soils due to the risk of macropore flow.
Danish studies also have shown large P losses from
tile-drained organic soils. The phosphorus binding
capacity of soils is almost exclusively associated to
the mineral fraction. Thus, the P binding capacity of
organic soils is normally very low. Consequently,
organic soils are assigned the highest risk of P
leaching in the Danish PI (Andersen, Heckrath et
al., 2007). Organic soils often are represented as the
ones with higher risk of P releases (Loeb, Lamers,
Roelofs, 2008). This effect has also been shown in
the Norwegian monitoring programme where P
losses were highest from organic soils compared to
other soil types (Heckrath, Bechmann et al., 2008).
According to previous studies, P loss risk classes
for parameter “leaching” are defined and rated as:
(a) clay (1 — very low risk); (b) loam (2 — low risk);
(c) sandy loam (4 — medium risk); (d) sand (6 — high
risk); (e) peat (8 — very high risk).

Subsurface drainage component (D) estimates
the amount of total dissolved P delivered to surface
water resources through flow to tile lines (Mallarino,
Stewart et al., 2002). The presence of tile drains
leave impact on the natural flow of nutrients through
the soil profile, as they are designed to move water
quickly from the soil subsurface to recipient streams,
and often they bypass any buffer zones which would
otherwise prevent a nutrient loss to the waterway. The
subsurface drainage component that describes the
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possibility that P may be delivered to surface water
through drainage is necessary because of the vast
area of land in Latvia that has been tiled. It has been
believed that P is mainly lost from the field by surface
runoff and soil erosion. However, recent studies have
shown that a considerable portion of total P added to
the field is lost through sub-surface runoff. As a result,
it is considered that P transport through subsurface
runoff is negligible. However, for the highly fertilized
soils, any added P can exceed the P sorption capacity
of the soil, causing P concentrations to increase in
the soil solution (Sharpley, 1995; Nohra, Chandra et
al., 2007).

Now it has been shown that a considerable
percentage of P loads come from subsurface discharge
of tile-drained fields (Nohra, Chandra et al., 2007).
However, dissolved P tends to be higher in surface
runoff than in drainage flow (Turtola, Jaakkola,
1995; Ekholm, Turtola et al., 2005). Tile drains
and the presence of inlets for collection of surface
runoff increase the field connectivity and thereby
the risk for P losses. Recent research has shown
that a considerable load of P in fresh water bodies
is attributed to subsurface runoff from artificially
drained fields (Kronvang, Bechmann et al., 2005;
McGechan, Lewis, Hooda, 2005). There are also
remarks that phosphorus moves readily through soil
to field drains when macropores are water-filled, but
in dry soil the P carrying colloids become trapped,
so losses remain at a low level (McGechan, Lewis,
Hooda, 2005). Loss of P from tile-drained soils
includes both particulate and dissolved P fractions
transported from the soil surface through soil or
macropores to the tile drainage system. Consequently,
sub-surface drainage and leaching may be important
pathways under certain conditions, particularly if the
soil has high content of P (Mainstone, Parr, 2002).
Phosphorus losses in drainage dominate also on the
tile-drained clay soils in the region around big lakes
in south and central Sweden (Djodjic, Bergstrom,
2005). Loamy soils have been attributed a higher
weight, i.e. a higher risk of P losses, in the Danish
PI than sandy soils due to the risk of macropore flow
and rapid transport of both particulate and dissolved
P to drains. Some organic soils have a low P-binding
capacity, therefore, typically tile-drained, organic
soils tend to be particularly vulnerable to P losses
(Heckrath, Bechmann et al., 2008). Djodjic and
Bergstrom (2005) show that the main P transport
mechanisms are surface runoff and subsurface
drainage. Also in Denmark tile drains and leaching
are considered major P loss pathways (Andersen,
Kronvang, 2006). For tile drained areas there is
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a direct link of subsurface drainage from field to
stream, consequently the risk class is higher for a
field with drainage. The presence of tile drains should
be an important factor in the transport and loss of P to
the water body. When precipitation occurs in an area,
which has drainage, the fine loose particles are the first
to be flushed from the site during the initial rainfall
activity (Sharpley, McDowell, Kleinman, 2001).
Tile drainage and soil erosion is linked to increased
volume of both dissolved phosphorus (DP) and
particulate phosphorus (PP) entering in waterways.
For the presented model, parameter “drainage” is
placed in the following rating categories of P loss
risk: (a) no drainage (1 — very low risk); (b) single
tile drains (2 — low risk); (c) systematic tile drainage
(4 — medium risk).

The presented index model considers identification
of the presence or absence of surface runoff collectors
on a field and uses it as filter wells parameter
(W). Filter wells as cylindrical artificial channels
in the subsoil do function of temporary method of
drainage and speed up surface runoff to drainage
system or direct drain to surface water bodies. Filter
wells decrease overland flow and P transport. As the
spacing and the travel distance of the water increases,
water reaching the filter wells has greater amounts of
P. This parameter is ranked in fallowing categories:
(a) no filter wells on field (1 — very low risk); (b)
filter wells on field (2 — low risk). The vegetative
buffer factor (B) accounts for the removal of finer
particles that are transported in the eroded sediment
(Zaimes, Schultz, 2002). A buffer zone is a varying
width strip of uncultivated land, which runs alongside
the water body. Its purpose is to act as a trap for
sediments being transported down-slope towards
the water body, as well as utilizing an area where
soluble P can be adsorbed and/or utilized by the plant
cover before it is lost to the stream (Zaimes, Schultz,
2002). Buffers at the stream can reduce the P load
to streams, by stabilizing stream banks; however; the
effects of established buffer strips along the streams
on transport of the eroded material containing P
from the edge of the fields to the watercourse are
known to be extremely hard to estimate. Another
positive effect of buffer strips is that ploughing and
fertilizing close to the stream bank is avoided (Ulen,
Kalisky, 2005). However, there are additions, for
instance, that introduction of a buffer zone reduces
losses of unreactive P, whereas it has a small impact
on reactive P losses (Djodjic, Bergstrom, 2005).
Unreactive P is generally considered to represent
organic forms of P, although some condensed forms
of P, such as polyphosphates. Soil tillage changes
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(no tillage in autumn) have been shown to be able to
greatly reduce soil and P losses from high to medium
risk arable fields, but the probability for sediment to
escape through buffer zones receiving runoff water
and soil material seems to be very dependent on the
buffer zone width. However, experiments with 5 and
10 m wide vegetated buffer zones in Norway showed
high removal efficiencies for both soil material and
total P (>70%) (Kronvang, Bechmann et al., 2005). In
numerous experiments it has been demonstrated that
even small buffer strips between a field and receiving
waters can effectively retain large amounts of total P
being mobilized from the field by erosion or surface
runoff. Danish field-based research (Kronvang,
Bechmann et al., 2005) has shown that the risk of
sediments passing through a buffer strip is a function
partly of the width of the buffer strip and partly of
the magnitude of the uphill erosion. It is documented
under Norwegian conditions that vegetated buffer
zones reduce surface runoff losses of P by 42-96%
using buffer zones of 5-10 m width (Bechmann,
Krogstad, Sharpley, 2005). The suggested PI model
uses recommendations of Latvia Good Agriculture
practice and sets the following risk classes for the
parameter “buffers”: (a) at least a 4 m wide buffer
zone from the field edge (for draining-ditch) with
perennial grassland (0 — very low risk); (b) at least an
1.5 m unploughed and grassed zone between the field
and the draining ditch (2 — low risk); (¢) no protective
zone (4 — medium risk).

Moreover, there are a number of factors that could
also be included in PI calculations to rise up or to
bring down the value of PI. All factors that could
diminish or, quite opposite, accelerate P loss or, in
other words, factors that are consequent on Good
Agriculture practice are called correction parameters.
One of them — contributing distance (C) —is adapted
in a number of index examples. The contributing
distances refer to the distance of the field from
the stream. As the distance increases, the risk of P
pollution decreases. Gburek and Sharpley (1998) have
showed that not all fields within a catchment have the
same risk of actually causing pollution in the stream
via distance from edge-of-field to stream. According
to this it is suggested that areas greater than 50 m
from the open stream are less important for nutrient
transfer than near-stream zones. Similarly, several P
indices call for screening tool that includes estimation
of field distance to nearest water body. If the distance
is grater than 45-50 m, PI calculation is stopped
(The Pennsylvania ..., 2006). Generally, the nearest
water body is the water source where phosphorus
enrichment could be a problem. For purposes of the
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PI, any permanent stream, lake or wetland, drainage
ditch or other water course that is wet most of the year
and eventually empties to a stream or a lake should
be considered the nearest surface water (Minnesota
Phosphorus ..., 2006). Consequently, the study
suggests using correction for P transport erosion and
runoff parameters according to field distance to the
nearest water body, multiplying the sum of these
factors with the corresponding weights: (a) distance
greater than 150 m — 0.2; (b) distance from 50 to
150 m — 0.6; (¢) distance less than 50 m — 1.

Also results from the P research experiments
strongly indicate that tillage practice, fertilizer
application type (FT), and soil management
strongly affect erosion and losses of P via surface
runoff (Ulen, Kalisky, 2005). It is a well known
fact that incorporation of P lowers the risk of being
lost compared to surface application. Regulation
No. 531 of the Cabinet of Ministers of the Republic of
Latvia, adopted on 18 December 2001, “Regulations
regarding Protection of Water and Soil from Pollution
with Nitrates Caused by Agricultural Sources” (MK
noteikumi Nr. 531 ..., 2001) require incorporation
of manure on arable soil within 24 hours (solid
manure) or 18 hours (slurry) after application.
Suggested time for application of organic fertilizers
is from March 1 till November 15, but for chemical
P fertilizers — until October 15. The application of
P on frozen or snow-covered soil introduces a high
risk of P loss through surface runoff, consequently
Latvian national regulations prohibit P application
on snow-covered or frozen ground, thus tending to
assumption that P application on frozen soil has the
highest risk value. Snow, snowmelt, soil freezing and
thawing phenomena also are very important for the
amount of P transferred in Norway. As research in
Norway shows, P losses during snowmelt contribute
on average 30% of the total annual P load in small
agricultural catchments in south-eastern Norway
(Heckrath, Bechmann et al., 2008). Based on local
legislation stipulations (MK noteikumi Nr. 531 ...,
2001) there is proposed correction for parameter “P
application factor” by using weights for fertilizer
application type as follows: (a) incorporation of
fertilizers into soil at least 5 cm deep directly after
application — 0.2; (b) incorporation of manure into
soil during 24 hours after application, and for slurry
within 12 hours — 0.4; (c) incorporation of manure
into soil later than in 24 hours during March 1 till
November 15, and mineral fertilizers for grasslands
till October 15 — 0.6; (d) incorporation of manure into
soil later than in 24 hours during November 15 till
March 1, and mineral fertilizers for grasslands later
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Table 4

Site vulnerability rating (phosphorus hazard classes)

Interpretation

If soil conservation and P management practices remain at current levels,
impacts on surface water from P losses from the field will be considered

P delivery to surface water bodies is greater than from a field with a very
low rating, current soil conservation and P management practices likely do

Impacts on surface water are considered to be higher than for a field with a
low rating, P delivery potential does not significantly produce water quality
impairment. However, consideration should be given to P management
practices that could reduce the risk of P delivery

Impacts of surface water resources are considered to be high. Remedial
action (soil and water conservation and/or P management practices) is
required to reduce P movement to surface water bodies

Impacts on surface water resources are extreme. Remedial action is

P risk class Rating
Very low 0-70
to be small
Low 71-120
not worsen the water quality
Medium 121-170
High 171-300
Very high >300

required to reduce P movement such as all necessary soil and water
conservation practices and P management plan

than October 15 — 0.8; (e) spreading of fertilizers on
wet, frozen, snow covered soil or in territories under
risk of flooding — 1.

Very important factors are not only timing
and method of P application but also amount of P
fertilizers applied and availability of P in different
types of manure. For future development of PI it
is advisable to use several additional correction
parameters for P application factor as fertilizing
rate (FR): (a) do not cover crop requirements for
nutrients — 0.8; (b) cultivated plant
requirements for a nutrient — 1; (¢) exceed cultivated
crop requirements for a nutrient — 1.2; as well as
type of organic fertilizer (OF): (a) no manure or
compost — 0.2, (b) compost — 0.6; (c) cattle manure
or slurry — 0.8; (d) pig slurry, manure or poultry
manure — 1. However, it is necessary to carry
out more observations and investigations
about field distance to body. The
general  conservation  recommendations  are
based on the national legislation. Additional
characteristics that have been considered are not
used for tested fields because their contributions
are not fully understood and they are considered
difficult to obtain.

cover

water

PI Calculation and Risk Class
Identification

The designed PI is partly based on original
PI and on the framework of the Pennsylvanian
PI and its modifications — Norwegian and
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Danish PI. The basic PI calculation includes the
multiplication of P source and transportation factor
values:

PI=SF x TF, )
where
SF - source factor;
TF — transportation factor.

Calculation of the source factor is suggested as
follows:

SF=SP+AP, ©)

where
SP — soil P status;
AP — application of P fertilizers.

Recommended calculation of P transportation
factor is described by formula:

TF=E+R+L+D+W+B, 3)

where

erosion component;

runoff;

— leaching;
drainage;
filter wells;
— buffers.

W E O ®m
|
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However, advanced model of PI asks to take into account also correction factors:

PI=(SP+ (AP x FR x FT x OF)) x (E+R) x C) + L+ D + W + B), “4)
where
FR - fertilization rate;
FT — fertilizer application type;
OF — organic fertilizer type;
C - contributing distance.

The numerical values that correspond to the appropriate levels for each characteristic are preferable to
multiply by the weighting factor to obtain the characteristic’s rating (5). The rating system then can be changed
to meet most localized conditions:

PI= {[Z (SF x w) x £ (TF x w)]}, )

where

w — weight factor.

The suggested risk class boundaries and risk class description for every field to loss of phosphorus are
defined in Table 4 showing PI rating values for fields, based on the value that was calculated from PI. The
higher the PI value, the more expected that the field is more vulnerable to phosphorus loss.

Conclusions 4. Bechmann, M.E., Krogstad, T., Sharpley, A.N.
The results of this study suggest that, with certain (2005) A phosphorus index for Norway. Acta
limitations, the PI can be used at the field scale to Agriculturae Scandinavica, Section Soil and

prioritize P loss vulnerability using readily available Plant Science, 55,205-213.

data from a field. Further research should be done 5. Bechmann, M.E., Stalnacke, P., Kvarng, S.H.

on the strengths and weaknesses of the approach (2007) Testing the Norwegian Phosphorus

in a certain site adjusting the PI more accurately Index at the field and subcatchment scale.

to a particular region. Most important, PI cannot Agriculture, Ecosystems and Environment, 120,

quantify P loss in waters because it is a qualitative 117-128.

tool that only predicts the potential P loss, and the 6. Bergstrém, L., Djodjic, F., Kirchmann, H.,

development of adapted tools for European countries Nilsson, I, Ulén, B. (2007) Phosphorus

still is at an early stage. Therefore, the first adapted from Farmland to Water — Status, Flows and
version of PI version must be validated in local Preventive Measures in a Nordic Perspective.
conditions. SLU, Uppsala, 64 pp.

7. Berzina, L., Zujevs, A. (2008) Design of
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Anotacija

ASYV radttais un plasi izmantotais fosfora indekss ir raditajs, ar kura palidzibu noverte fosfora nopliudes riska
iespgjamibu virszemes tdenstilp&s un iidenstecés no lauksaimnieciba izmantojamam platibam. Indeksa originala
versija pedgjos gados tieck modificEta un piemerota lictosanai vairakas Rietumeiropas un Skandinavijas valstis
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saistiba ar idenu eitrofikacijas problému risinajumiem, savukart fosfora nonaksana tidens vide tiek uzskatita
par vienu no eitrofikacijas c€loniem.

Indekss ka riska modelésanas instruments fosfora slodzes novertésanai uz tideniem no mineralméslu un citiem
avotiem veidots izmantoSanai zemnieku saimnieciba. Indeksa icklautie fosfora avota (fosfora saturs augsng,
piclietotie mineralm@sli vai organiskie mésli) un fosfora transporté$anas uz tidens avotu sekmgjosie faktori
(erozija, notece, izskaloSanas, drenaza) lauj izvértét fosfora zudumu iesp&jamo daudzumu, fosfora zudumus
veicinoSos faktorus un lauku apsaimniekoSanas praksi fosfora zudumu ierobezoSanai. Fosfora indeksa rezultats
raksturo katru saimnieciba p&tamo lauku atbilstosi 5 riska klasém: loti zems, zems, vidgjs, augsts un loti augsts
risks. Raksta analiz&ti fosfora indeksa ieklautie parametri, parametru vertibu piesaiste riska klasém un indeksa
algoritma struktiira.
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The Concept of Phosphorus Index for Identification of
Phosphorus Loss Risk
I1. Application of Phosphorus Index to Estimate the Risk of Off-site
Agricultural Phosphorus Loss to Water Bodies
Fosfora indekss fosfora nopludes riska noteikSanai
I1. Fosfora indeksa pielietojums virszemes tidenu piesarnojuma riska
novertesana

Laima Berzina, Ritvars Sudars
Department of Environmental Engineering and Water Management, LLU
LLU Vides un tidenssaimniecibas katedra

e-mail: Laima.Berzina@llu.lv; Ritvars.Sudars@llu.lv

Abstract. Phosphorus index (PI) as a field-level assessment tool has been developed particularly for ranking
the relative potential of off-site movement of phosphorus from the landscape due to increased attention on
environmental risk assessment in agricultural production areas. The paper presents the results of testing
the modified PI version to evaluate agricultural fields’ vulnerability of P loss to surface water sources. The
reliability of the PI was tested within agricultural areas in the central part of Latvia within two catchments at
the field scale based on input data that could be easily derived from soil analysis and field observations. The
final indices were represented as ranking of fields according to the relative risk of P losses. The PI values were
compared with surface water quality monitoring results. The study found an acceptable relationship between
PI rating and P concentrations in the nearest water sources monitored over the study period. Additionally, the
PI can be used to identify nutrient management practices that reduce high P losses and that contribute to soil
conservation and water quality. The presented PI is, however, the first version adapted to Latvia conditions.

Key words: phosphorus index application, phosphorus loss, surface water quality.

Introduction

Many factors are identified to have an impact on
phosphorus (P) export from agricultural land to surface
water. Two major factors influencing P movement to
water body can be categorized into those that influence
the source of P and those that influence its transport
(McDowell, Sharpley, Folmar, 2001; McDowell,
Biggs et al., 2004). Source factors that contribute to P
loss include soil P concentration and the rate, timing,
method and form of applied P (as fertilizer and/or
manure) to soil (Shigaki, Sharpley, Prochnow, 2007;
Hart, Quin, Nguyen, 2004). In general, P sources
can be natural (indigenous soil P and atmospheric
deposition) and anthropogenic (fertilizers applied
to the soil); however, the major sources of P in the
soil are mentioned inorganic and organic fertilizers,
also plant residues and rock weathering. It is strongly
admitted that prolonged inputs of P to soil can result in
the P accumulation in topsoil and create the potential
for an increase of P transfer to the wider environment
(Haygarth, Condron et al., 2005). Transport factors
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are those mechanisms causing P movement within
the landscape, such as erosion, runoff and leaching
(Shigaki, Sharpley, Prochnow, 2007; Haygarth,
2004). Phosphorus index (PI) helps to identify the
risk level of areas that contribute to P losses within
agricultural catchments by using available data and
allows making judgements of the likelihood that water
bodies will meet the defined environmental objectives
(Djodjic, Bergstrom, 2005). However, approaches of
PI design have become rather complicated, and PI
needs to be modified to local or regional conditions
in order to incorporate all potential P loss pathways.
A detailed literature review about PI framework is
presented in the first part of this article (Berzina,
Sudars, 2010). The main objective of the article is
to demonstrate the results of modified PI application
to prioritize fields at the catchment scale based on
P loss vulnerability. The calculated PI results are
linked with the surface water quality measurements
to analyse how the index ratings correspond to actual
P losses from a site.
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Table 1
Characteristics of research sites
Characteristic feature Auce Bauska
Catchment area 105 ha 740 ha
Median of a single field area 3.4 ha 14.9 ha
Median for a field slope 4% <1%
Maximum for a field slope 13% 2.8%
Median of a single field pH KCI 7.2 7.3
Median of organic matter 2.8% 3%
(3 fields are located on peat with
organic matter of up to 50%)
Median of the soil P concentration 47 mg kg'! 106 mg kg!

Drainage

Partly drained by tile drains and
partly by separate drains

Tile drains

Soil cover type, % of total arca

Dominating winter crops (44%)
and alfalfa (37%), also pastures,
idle land, cereal grasses

Dominating spring crops (58%)
and winter crops (37%), also
pastures, idle land, cereal grasses
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Fig. 1. Field risk classes calculated by PI and water sampling points in Auce site.

Materials and Methods

Case Study

Data for PI design evaluation were collected from
2 sites: Auce (Auce rural muinicipality) and Bauska
(Gailisi rural municipality) located in the central part
of Latvia with intensive agricultural production. The
research site in Auce rural municipality is located in
Austrumkursa highland on Carboniferous dolomite,
which is covered by sandy loam and loamy sand.
Glaciofluvial material has mixed layers of different
permeability and forms 8-15-m-thick Quaternary
deposits.  Slightly undulating and somewhere
rolling moraine with high slopes in the upper part
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of the catchment is typical for this area, with an
altitude of 97-123 m above the sea level. Some
layers in the parent material have high groundwater
transport capacity. Springs and drainage runoff
throughout the year is common for Auce area.
Stagnic Cambisols (according to FAO) is the
dominating soil type in the Auce site. Due to the
relatively steep slopes, the soil in some parts of the
catchment is eroded.

The research site in Bauska is located in Zemgale
lowland. The territory of Bauska is characterized
by flat relief with an average altitude of 25 m. The
Upper Devonian bedrock surface is covered by a thin,
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7-8 meters, cover of Quaternary deposits. Same
layers of parent material have poor groundwater
transport capacity. Soils in the catchment are
not linked to erosion processes. Gleyic Luvisols
(according to FAO) is the dominating soil type, and
the main determined soil textures are loam, sandy
loam, and loamy sand (according to FAO) in the
Bauska site. Detailed characteristics of fields in the
study sites are listed in Table 1.

Sample Collection and Processing

Soil samples from 30 fields in Auce site and soil
data from 41 fields in Bauska site were analyzed.
Random sampling was used to make one composite
soil sample (5 subsamples) per field. Top soil samples
in Auce site were taken in May, 2008, at the depth of
10 cm. The soil sampling in Bauska site was done
in April, 2007. Additionally, grab water samples at
6 sampling points were collected from draining-
ditches every second week during August-November
of 2008 in Auce site. Surface water sample collecting
was done according to guidelines of LVS ISO 5667-
6:2005 and LVS ISO 5667-4:1987 A. The water
sampling strategy was designed and sample sites
located in order to cover a possibly wide range of
runoff origin (Fig. 1). All information about surface
water quality results from Bauska site makes part of
Latvia agricultural runoff monitoring.

Analysis of water samples for P and PO,-P
was carried out in the accredited laboratory
“Vides audits” with standard testing methods
LVSENISO 15681-1 (P _ )and LVS ENISO 15681-1
(phosphates). Plant available soil phosphorus was
determined by the Egner-Riechm method (extraction
with 0.02 M calcium lactate, buffer solution pH 3.5,
colorimetric determination). Soil organic carbon
was determined by Tyurin method (wet oxidation
using K,Cr,O, + H,SO, spectrophotometric
determination). Organic matter in soils higher than
15% was determined by loss on dry combustion at
the temperature of 525 °C. Soil pH was measured
potentiometrically in 1 M KCI suspension, soil/
solution — 1:2.5.

Index Parameters

Parameters for PI were selected from the P indexes
already used in USA and Europe to get the best
characterization of their influence on P availability,
movement, and management. Each parameter
included in PI was evaluated taking into account
Latvia conditions. The following information was
available for index calculation of each field: soil P
content, soil pH KCl and content of organic matter in
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soil, land use (dominant crop), inputs of P in fertilizers
and manures, soil type, texture and field slope, field
area. Data on land use and inputs of P were achieved
from land users and direct on-field observations. Soil
types, field slopes and drainage options were derived
from drainage maps (Department of Environmental
Engineering and Water Management, LLU). Firstly,
the individual risk indices were calculated and applied
at field scale on 30 fields in Auce site. The indexing
results were validated with data from 41 samples in
Bauska site.

Statistical Analyses

All fields were scored using the index model
(Formula 1), and the resultant score was compared
to water quality data downstream of particular fields.
Relationships between calculated PI and water quality
data were investigated using Spearman correlation
coefficient. Nonparametric statistical analysis
(Kruskal-Wallis test) was used to compare medians
for P concentrations in water sampling points. The
success of classification of fields for P loss was
verified by discriminant analysis. All statistical
analyses were made in SPSS and EXCEL, where the
risk of rejecting a true hypothesis or confidence level
was set at 5% (0=0.05).

PI Calculation Methodology

The tested PI consists of the two major factors:
sources of P, and transport promoters of P loss.
Multiplicative approach was accepted for PI
calculation as:

PI=SF x TF,
SFq.5=>. SP, AP,
TFq.5=> E,R,L,D, W, B, (D

where
SF — source factor;
TF — transport factor;
SP - soil P status;

AP — application of P fertilizers;
E - erosion;
R — runoff;
L - leaching;
D — drainage;
W - filter wells;
B — buffers.

The source and transport factors were multiplied
in order to account for evident interaction effects.
Rating values of index parameters were collected in
Table 2.

29



The Phosphorus Index Concept I1. Application of Phosphorus Index

L. Bérzina, R. Sudars

Juo0z 2A1399)01d ou

ouo0Z passeId
pue paysnojdun
opIMm W G’ ISe9] Je

pue[sseis [eruuorod
yim 23pa ploy
woJj ouoZ Joyynqg
opIM W { ISE9] 1B

s1png '8

PIOY UO S[[oMm Iy

PI°Y
Uo S[[oM I Ou

S[[oM I °L

o3eureIp 9[1} O1JBWAISAS

sureIp o[ o[3uls

o3eurep ou

oSeureIp [RIOYIIY 9

(sseo aImyxa) [108)

1ead pues weo| Apues weo[ Kepo P
weo| Apues w:MMWMmlmA pues pue (’¢—9°(
‘pues AwWeo[ pue ¢< oy wc:mm odoys —
Kepo v:mlmA adoys — pures Aureo] pug £-9°0 A —— (sseo a1myxa) [10s pue 9 ‘dofs proy) .
odoys weo| Apues Jjouni Jo STy ‘¢
) odoys — . adoys — :
Kepo pue ¢—9°( ) pues Aweo| pue
adoys — Aepo pue 60> G'0> odoys —
odoys —

0 9%07— ot — 0 i o (odoys proy)

%0T< %0C—S1 %101 %679 %9> UOISOI0 JO ST °¢
(8) ysiy A1op (9) ysStH () wnIpapy (7) mo] (1) mof AxoA
sonsLIeloeIRyd odsuen g
onyea Sunei ssof d
So[qe1agon puejsseid odex (syuowarnbai doxd pajeanno
sdo1o Sunds pue 10jurm sormsed d Teuonippe ou ]

‘s300q ‘soojejod ‘eJeye 10J) $10Z1[1319] J Jo uoneorjddy ‘7

8y 8w
i< -9 09-1¢ 0€-€1 £1> AM wmm :om q

(8) uSry A0/ (9) uStH (1) wnipay (7) mo1 (1) mof AxA

on[ea suner sso[ 4

SOTJSIIJOBIEYD 90INOS

¢3lqEL

uonenI[ed [J 10J SIN[EA Jd)WeIe]

LLU Raksti 25 (320), 2010; 27-35

30



L. Bérzina, R. Sudars

The Phosphorus Index Concept II. Application of Phosphorus Index

P risk class rating values were attached to the
following intervals: very low risk (1-70), low risk
(71-120), medium risk (121-170), high risk (171-
300), and very high risk (>300).

Results and Discussion
PI Calculation and Risk Class Identification
Observations as well as calculation and validation
of the first version of the PI for Latvia were carried
out at 2 sites to reach the differences between fields
regarding soil type, field slope, and soil P status that
make data set suitable for a PI performance testing.
Soil chemical properties showed that pH for fields
were within the range of 5.5-8.1. The organic matter
in these soils ranged from low to high. In Auce site,
34% of soils had less than 2.5% of organic matter,
which is insufficient for sandy loam soils; 33% of
soils had acceptable (2.5-3.0%) values of organic
matter, and 22% of soils had high organic matter
value (3.1-10%). Whereas in Bauska site, only
0.02% of soils had insufficient amount of organic
matter, and 67% of soils were considered as soils
with high organic matter content. According to
Timbare and Reinfelde (2002), high organic matter
content is within the range of 2.6-10% for loamy
sand, and 2.1-10% for sand. Soil P values showed
a wide range for both research sites: from 3 to 285
mg kg of Pin Auce site, and 42-535 mg kg! of P
in Bauska site. According to Timbare and Reinfelde

(2002), the samples from both research sites should
be classified as very high in P content. It is defined
that soils with very high soil P level are indicated by
values of up to 96 mg kg of P for sandy loam, up to
81 mg kg of P, for loamy sand, and up to 68 mg kg™
of P for sand. Excessively high concentrations of P in
some agricultural soils could be linked with intensive
application of swine manure on fields in the research
sites. It is important to include fields with such high
concentration of soil P in the environmental research,
because agricultural runoff monitoring results show
that P in surface water increases rapidly at higher
levels of soil P concentrations. Knowledge on timing
of P inputs and methods made the greatest uncertainty
because these data were based only on the landowner
statement. Uncertainty of fertilizer application
rates consequently contributed most to the output
uncertainty. Details about calculated PI summary
statistics to identify fields with a high potential for P
losses are presented in Table 3.

Results of fields testing with PI and P loss risk
class identification in Auce are graphically presented
also in Fig. 1. The median of calculated PI for Auce
site reaches value 96, which, in general, shows Auce
site as a low risk example of P loss, while PI median
value for Bauska site reaches value 140, which falls
in a medium risk class of P loss. Table 4 summarizes
and compares the first results of PI scores calculated
by PI approach using formula (1) for ranking fields

Table 3
Summary statistics for the PI of experimental fields
Sie Medin i epy Range  Minimum  Maximum - HE R
of PI of PI of PI of PI factor factor
Auce 96 72 180 1 180 6 18
Bauska 140 140 160 96 256 10 16
Table 4
Summary of risk classes for experimental fields
) ) Risk class
Site Indicator - - Total
1 —very low 2 —low 4 — medium 6 — high
Auce count 10 11 8 1 30
% of total 333 36.7 26.7 33 100.0
Bauska count 0 4 26 11 41
% of total 0 9.8 63.4 26.8 100.0
Total count 10 15 34 12 71
% of total 14.1 21.1 479 16.9 100.0
LLU Raksti 25 (320), 2010, 27-35 31
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Table 5

Classification results

) Risk Predicted risk class membership
Indicator 1 - - Total
class very low low medium high
very low 10 0 0 0 10
low 0 11 4 0 15
Count -
medium 0 0 33 1 34
high 0 0 1 11 12
very low 100 0 0 0 100
y low 73.3 26.7 0 100
’ medium 0 0 97.1 2.9 100
high 0 0 8.3 91.7 100

according to their vulnerability to the potential of P
loss. The majority of low PI index values were found
in Auce site; however, most of fields in Bauska site
were ranked to higher risk classes. Only one field in
Auce has PI, which is defined as high, while 21 fields
have PI below 120 indicating a very low or low risk
of P transfer. Quite different results show data from
Bauska site. There are no fields identified in the very
low risk class — most of them fall in the medium and
high risk of P loss.

Risk classes that represent very low and low
risk for P losses refer to fields with very low
indices for P source factor; however, there are fall
fields with comparatively high transportation factor
estimation. The class that represents medium risk
of P loss includes fields with comparatively high P
source factor estimation and prevalence of leaching
and runoff as transportation factors, there are also
fields with filter wells. The high risk class includes
fields with an approximately similar evaluation of
transportation factors, but very high estimations of P
source, and, by reference to previous statement, fields
with very high risk class were not identified within
the investigation. Assuming PI values, they show that
the majority of calculated PI values for fields with
intensive agriculture fall in medium risk class of P
loss. Generally, the source factor explained 60% of
the variation in the PI, which implies that the source
factor was more important for the identification of
high-risk areas than the transport factor. The high P
source factor for fields in Bauska site (67% of total PI
variation explained by source factor) was due to high
soil P status as well as a high fertilizer application
rate. Due to high source factors and the uniformity
of transport factors within the catchment there was
a smaller variation in the PI values in Bauska site,

32

in fact, these data resulted in comparatively high
PI scores. However, regarding transport factors, the
observations in Auce site showed greater variability
(53% of total PI variation explained by transport
factor). Overall results of the research pointed
that P source factors had a decisive role for field
classification.

The success of classifying was verified with
discriminant analysis. Discriminant analysis is a
multivariate statistical technique commonly used
to build a predictive model of group discrimination
based on observed predictor variables, and to
classify each observation into one of the groups. The
dependent variable was set as a risk class (1 — very
low, 2 —low, 4 — medium, 6 —high, 8§ — very high), and
8 predictor variables were utilized to predict
category membership of these groups. A classification
result gives a simple summary of the number and
percent of subjects classified correctly and incorrectly.
The output includes cross-validation table presented
in Table 5.

Values in the classification table reflect the correct
classification of individuals into groups based on
their scores on the discriminant dimensions. As the
results of analysis show, the most evident uncertainty
to predict risk class is associated with the low and
medium risk class group; all cases to predict very low
or high risk group were correct. In general, 91.5% of
originally grouped cases are supposed to be correctly
classified. Overall, the study showed that the greatest
uncertainties in PI estimates were for the fields with
the lowest levels of soil P.

The performance of the PI was initially tested by
comparing the calculated PI values with measured P
concentration in surface water near to experimental
fields. To test links of PI with surface water quality
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Table 6
PI and P in water samples close to experimental fields
Bauska PI Risk class PO,-P, mg L"!
B-1 128 medium 1.79
B-2 144 medium 0.07
B-3 196 high 2.04

there were collected water samples in six points in Auce
site (Fig. 1):
—  G1 — draining-ditch (eroded soils);
— (2 — draining-ditch (eroded soils);
— G — draining-ditch;
— ST — draining-ditch (peat and sandy soils);
—  A-—well;
— D —pond (soils with high P concentrations).
Additionally, water quality monitoring results from
Bauska site were analyzed. Analysis of surface water
samples clearly showed increased concentrations of
P in Bauska site water samples, and P indices values
were also calculated higher than for fields in Auce
catchment. Mean of PO, concentration in the water
samples taken during the investigation period close to
experimental fields reached 0.013 mg L' in Auce site,
and 0.9 mg L' in Bauska catchment correspondingly
the average PI peak — the value 91 in Auce site, and
the value 159 in Bauska site. Spearman correlation
coefficient showed the potential of PI for P transfer
from the agricultural catchments by describing the
relationship between the P-PO, concentrations in
surface waters and the PI at the catchment scale at the
level of r=0.58 (p-value 0.10). This result indicates
that the PI successfully ranked two catchments noting
that the highest P concentrations in surface waters
are close to the highest P indices. However, the
objective of the PI is to define high risk areas within
a catchment. In that context, it must recognize that
the PI is developed for field scale risk assessment and
the catchment scale testing does not directly show the
applicability of the PI at field scale. Subsequently,
the PI was evaluated closer to the scale for which it
was developed. However, it was not possible to find
statistically significant correlations between particular
fields PI and P concentrations in surface water near
to these fields. Moreover, it should be noted that
statistically different P concentrations among water
samples taken in Auce site at presented sites by
Kruskal-Wallis test (Chi-Square 4.49; Asymp. Sig.
0.340) were not found. Despite the conclusion that
the relationship between the P concentrations at the
field scale and the PI for subsequent field had very
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low correlation and coefficients were nonsignificant
in Auce site, individual testing of each case showed
the same evident tendencies. Comparatively higher
P concentrations were observed in the draining ditch
next to most eroded soil. Similarly, the fields with
the high ranks of runoff potential were these near the
elevated P concentrations in the waters accrued. The
considerable mean of P concentration (0.017 PO,-P)
in water was observed in a sampling point A (well),
which could be explained by high rank of runoff risk
for the field No. 12; however, the total PI value for
the field shows very low risk of P loss. At the same
time, it is important to note that presence of a well
plays a significant role in collection of surface runoff.
Research has documented that even 0.1 mg L' of
total P in waters is associated with eutrophic criteria
(McDowell, Sharpley, 2001). Such value of total P in
water samples during investigation period occurred
in water sampling points D, A, and G2, and possibly
was influenced by very high P transportation factor
values and prevalence of erosion, runoff and drainage
risk for belonging fields. However, these fields are
defined as very low and low risk class examples of
P loss. The presence of drains can significantly alter
the flow of nutrients, as they are designed to move
the water quickly from the soil surface to recipient
streams. The highest mean of P (0.022 PO,-P) for
Auce site water sampling sites was observed in
sampling point G1, where 0.1 mg L' of total P in a
single sample was not observed. This sampling point
was located next to a field representing medium
risk of P loss with maximum value (22) of transport
factor sum within the investigation. The water sample
analysis was also done for Bauska site. Statistically
significant differences (Chi-Square 36.24; p-value.
0.000) were found in water samples collected from
draining ditches in 3 observation points in the
catchment by Kruskal-Wallis test. Furthermore,
remarkable differences in P concentrations in water
samples were found near fields with similar PI risk
class evaluations (Table 6).

However, it is important to admit that the field next
to observation point B-1 is located close to manure
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storage lagoons. Possibly these high concentrations
result form accidental runoff from manure storage
lagoons that are not considered by PI parameters.
Anyway, precise interpretation about nutrient losses
from agricultural areas must be considered also by
pollution of point sources. If to exclude point B-1
from the analysis, the relationship between PI and P
concentrations in surface water becomes statistically
significant. Moreover, all collected water samples
in Bauska site sampling point B-1 exceeded 0.1 mg
L' of total P, for sampling points B-2 and B-3 the
relative frequency of exceeding reached accordingly
0.25 and 0.88. Consequently, these results are
very demonstrative to show that PI is not a P loss
quantification tool but rather a P loss risk-assessment
tool. The potential for P losses estimated with risk
assessment tools may not always be realized in the
field, especially since calculations of PI values do not
cover all processes influencing P losses. There should
be admitted several reasons for the low correlation for
PI and P concentrations in waters within field level.
Firstly, the lack of appropriate weighting of PI factors
according to their relative impact on loss of P remains
a weak point of the adopted index for Latvia. The first
testing of the accuracy of PI showed that the index
should be improved by increasing the weighting of
erosion risk and runoff risk. Moreover, additional
analyses could be declared as essential to facilitate
PI adjustment in order to explain the influence of
the factors weightings on PI scores and sensitivity of
nearest water source. However, it became clear that
the relative importance of different factors under field
conditions and their representation in P indices could
be understood after long-term experiments.
Secondly, there are suggestions that areas
greater than 40—-50 m from the open stream by using
edge-of-field approach are less important for nutrient
transfer than near-stream zones. This investigation
of the PI, uses approach that the
connectivity depends on the shape of fields in
relation to the stream and not on the actual distance
from the areas within the field (Bechmann, Stalnacke,
Kverne, 2007). For this purpose, a framework
to identify high-risk areas should be continued in
order to investigate field position influence on the
P loss to nearest surface water source. Thirdly,
evaluation of PI did not include P management
factors according to still limited data. However, such
factors as P fertilization rate, fertilizer application
method, fertilizer type, and fertilization timing
are very important factors to control P loss. The
amount of P which enters the water body depends

however,

34

also on the intensity of precipitation that was not
directly measured by PI.

Overall, the study illustrated the potential of
the PI to detect areas with the highest risk of P loss
indicating that higher PI values resulted in higher P
concentrations in surface waters. Results also showed
that the source factor contributed most to the variation
between fields and hence were important for the
identification of high-risk areas in Bauska site, while
importance of transport was shown in Auce site. It
was found that the soil P status described 70% of the
variation in the source factor. Among the transport
variables, it was found that erosion risk, runoff risk,
and drainage presence risk had an important influence
on the transport factor. The research affirmed that
PI is not a tool to quantify how much P will enter
in a water body. Instead, PI calculated the rate of
movement of P from a field towards the water body,
and due to P chemical properties it is possible that P
will travel to a water body for a long time.

Conclusions

The first results obtained from evaluation of the
first modified version of the PI indicated that the
index has potential to rank fields according to the P
losses. By means of the PI it was possible to detect
fields and catchments with the highest measured P
concentrations in surface waters. Using data from
field studies in the central part of Latvia with intensive
agriculture production, the PI model was validated to
predict the possible P loss from a field to the nearest
surface water source. PI results totaling 14% of
very low risk areas, 21% of low risk areas, 48% of
medium risk areas, 17% of high risk areas, and no
very high risk areas from the investigated fields were
obtained. Discriminant analyses confirmed PI results
for successful classification of fields according to
the risk class of P loss; however, testing has also
shown the week points and potential directions
for PI improvement. One of the challenges is to
prove that the ranking of fields with the PI actually
reflects the risk of P transfer from a given field to
the open stream. By considering the limitations of
this approach, an objective for the future is to adjust
the PI more accurately to site management factors.
It is also expected to add weights for each parameter
and to rate the relative degree of importance of each
factor with respect to the overall risk of nutrient
loss. PI could be a valuable decision support tool
for nutrient management according to the PI system
approach simplicity and low requirements to input
data.
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Anotacija

Fosfora indeksa pieméro$ana noteiktas teritorijas geologiskajiem, meteorologiskajiem un tautsaimnieciskajiem
apstakliem ir jasaista ar fosfora nopliides ietekm&joso faktoru izvéli, faktoru gradaciju izveidi, ka ar to ietekmes
butiskuma noteikSanu. Darba parbaudita iepricks$€ja pétijuma izstradata fosfora indeksa versija, to testgjot
lauksaimniecibas platibas Bauska un Auc@. Fosfora indekss tika aprekinats 71 laukam un izvertets saistiba
ar tuvgjos virszemes tidenos esoso eksperimentali noteikto fosfora savienojumu koncentraciju. Izveidotais
fosfora indekss apstiprina, ka, paaugstinoties noteikta lauka riska indeksa vertibai, tuv€jos tidens objektos
palielinas iesp&jamiba noverot salidzinosi augstas fosfora savienojumu koncentracijas. Fosfora indeksa
aprekinu precizitati palielinatu katra faktora ietekmes uz tuvgja virszemes tidens avota kvalitati biitiskuma jeb
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Latvijas prieZu meZu atmirums atSkirigos meza augSanas apstaklos
Amount of Deadwood of Latvian Pine Forests in
Different Forest Growing Conditions

Aigars Jansons
Latvijas Valsts mezZzinatnes institiits ,,Silava”
Latvian State Forest Research institute ,,Silava”
e-mail: aigars_jansons@inbox.lv

Abstract. The amount of deadwood of Latvian pine forests is analyzed, and the impact of growing conditions
on the deadwood volume and structure is estimated in this research. The study material was collected within
the framework of the National forest inventory from 2004 until 2008, and the data about 1627 sample plots,
dominated by pine, were selected and analyzed. The total deadwood volume and the volume of the deadwood
components (snags, broken standing stems, and lying deadwood) were analyzed in different growing conditions
and locality classes. It was found out that the amount of deadwood increases with the increase of soil fertility and
stand productivity. Comparatively more different pine stands were observed in the Sphagnosa, Callunosa turf.
Mel., and Cladinoso-callunosa forest types, where the amount of deadwood was the smallest, but proportion of

snags in the total deadwood structure — the highest.

Key words: pine stands, deadwood volume, growing conditions, locality class.

Ievads

Meza lidzas organisko vielu sint€zes procesam
norisinds arT nepartraukta koku atmirSana, kuras
celoni var bt visdazadakie. Tie var biit gan abiotiska
rakstura faktori, tadi ka uguns, v&jlauzes, véjgazes,
snieglauzes, appludinajums, sausums u.c., gan arl
biotiska rakstura faktori — konkurence péc baribas
vielam, gaismas un Ttdens, slimibas, kukaini,
vecums, mehaniska nelidzsvarotiba u.c. (Franklin,
Shugart, Harmon, 1987). Minéto faktoru un to
mijiedarbibas ietekmes rezultata mezos veidojas
atmirusi koksne, kuras galvenie veidi ir kritalas jeb
gulosi koki un atmirusi stavosi koki — sausokni un
stumbeni. ST atmirusi koksne ir nozimiga biologiskas
daudzveidibas, oglekla un baribas vielu aprites ciklu
un audzes struktiiras komponente, ka arT kurinama
resurss (Roundeux, Sanchez, 2009; Woodall,
Roundeux et al., 2009).

Pieprasijums péc informacijas par atmirusas
koksnes resursiem mezos pasaulé pedgjos divdesmit
gados ir pieaudzis gan saistiba ar biologiskas
daudzveidibas novertéSanu un saglabasanu mezos
(Schuck, Meyer et al., 2004; Hahn, Christensen,
2004), gan ar siltumnicas efektu izraisoSo gazu
emisijas un piesaistes novértésanu (Woodall, Heath,
Smith, 2008), gan arT ar meza ugunsgréku riska
novertésanu (Woodall, Roundeux et al., 2009).

36

Latvija Iidz Sim plasi p&tijumi par atmirusas
koksnes lielumu un struktfiru saimnieciski nozimigako
koku sugu mezos nav veikti, tadeél ar atmirumu
saistito publikaciju skaits literattira ir neliels un tie
galvenokart attiecas uz agrakajos gados izstradatajiem
normativiem meza resursu inventarizacija, kontrole
un planosana (Latvijas PSR Mezsaimniecibas ...,
1984), ka art velak izdotajiem normativiem meza
taksacija (HopmartuBbl juis Takcauuu ..., 1988).
Pedgjos gados ir izstradata metodika un publiceti
pétijumarezultati par Latvijas skujkoku mezu ikgadgja
krajas picauguma, tai skaita ari ikgadgja atmiruma,
noteikSanu (Liepa, 2008). P&c §1s metodikas attiecigas
audzu kopas raditajus aprékina kamerali, izmantojot
tikai ar nogabala metodi (Latvija lidz §im domingjosa
meza inventarizacijas metode) iegiito audzu kopas
informaciju: valdosa koku suga, bonitates klase,
vecums un Skérslaukums.

Atseviski atmirusas koksnes uzmerjjumi un
struktliras analize 1996. gada ir veikti dala no
Pasaules Dabas Fonda parmitro mezu programmas
laika nodalitajiem liegumiem — etaloniem. Visos
gadijumos pétijums attiecds uz maz skartam,
aizsardzibai prioritaram vietam (Prieditis, 1999).

Sobrid statistiski ticamu un nozimigu informaciju
par atmiruma lielumu un struktiru Latvijas meZos
lauj iegiit 2004. gada Latvija uzsakta meza statistiska
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inventarizacija, kas tiek veikta 5 gadu cikla, parklajot
Latvijas teritoriju ar regularu pastavigo un pagaidu
parauglaukumu tiklu. Sajos parauglaukumos tiek
noteikti gan meZzsaimnieciba tradicionalie audzes
raksturlielumi, gan ar1 atmirusas koksnes kraja.
Jaatzimé, ka ari lielakaja dala pasaules valstu, kur
tiek veikta nacionala meza inventarizacija, atmirusas
koksnes inventarizacija uzsakta tikai p&dgja
desmitgade (Woodall, Roundeux et al., 2009), lidz ar
to pieejamo datu un publikaciju skaits ir ierobezots,
kas palielina to nozimibu.

Ta ka priede (Pinus sylvestris L.) ir viena no
saimnieciski nozimigakajam un izplatitakajam
koku sugam Latvija (priezu audzes aiznem 29% no
mezaudzu kopgjas platibas) (Meza platiba, 2009)
un tai raksturiga plaSa ekologiska amplitida (no
nabadzigam smilts 11dz pat slapjam kiidras augsném),
tad $T pétijuma mérkis bija noskaidrot Latvijas priezu
mezu atmiruma lielumu un struktiiru atkariba no
augSanas apstakliem.

Materials un metodes

Petijuma izmantoti Latvijas meza statistiskas
inventarizacijas (MSI) laika iegtitie dati par atmiruma
lielumu un struktiiru mezaudz&s. Meza statistiskas
inventarizacijas parauglaukumu ierkosana daba,
uzmeériSana un mezaudzes parametru aprékinasSana
tiek veikta atbilstosi Latvijas Republikas Zemkopibas
ministrijas  apstiprinatajai  metodikai ,Meza
statistiskas inventarizacijas veikSanas un mezaudzes
sekundaro parametru aprékinasanas metodika”,
saskana ar kuru MSI méritais atmirums tiek iedalits
atmiruma grupas: sausokni (stavosi nokaltusi koki
ar galotném), stumbeni (stavosi nokaltusi koki bez
galotnem un zemak lizusi koku stumbri) un kritalas
(gulosi nokritusi, nolauzti un izgazti koki un gulosas
atltizas).

Atbilstosipétijumamerkimno MSIdatubazémtika
atlastti un analizeti dati par 1627 parauglaukumiem,
kas ierikoti laika no 2004. [idz 2008. gadam. Petfjuma
izmantoto parauglaukumu atlase veikta péc Sadiem

kriterijiem:
1) parauglaukuma veids - pastavigie
parauglaukumi;

2) zemes kategorija — mezs;

3) parauglaukuma  plattba -
parauglaukumi, kuru platiba meza ir vismaz
400 m? jeb 4/5 no parauglaukuma kopplatibas;

4) wvaldosas sugas Tpatsvars audzE — atlasiti tie
parauglaukumi, kuros valdo$as sugas (priedes)
Tpatsvars ir vismaz 50% no kopgjas pirma stava
krajas;

atlasTti tie
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5) meza tips — atlastti tikai tie meza tipi, kuros
priede ir mérksuga (Buss, 1981);

6) audzes vecums — atlasitas 21-160 gadu vecas
priezu audzes;

7) kritiskais koku skaits un kritiskais Sk&rslaukums
atbilst Latvijas Republikas Ministru kabineta
noteikumiem Nr. 892 (Noteikumi par koku
cirSanu meZa zemées, 2006);

8) atmirusas koksnes un dzivas koksnes attieciba —
atlasTti tie parauglaukumi, kuros attieciba starp
atmirusas koksnes kraju un dzivas koksnes kraju
ir mazaka par 1.0.

Atmiruma analize veikta gan pa meza augSanas
apstaklu tipiem (sinonims edafiskajam rindam:
sausienu mezi, slapjainu mezi, purvainu mezi,
areni, ktidreni), gan arT pa atseviskiem meza tipiem
(sils, méctrajs, lans, damaksnis, slapjais métrajs,
slapjais damaksnis, purvajs, niedrd;s,
arenis, Saurlapju arenis, virSu kudrenis, métru
ktdrenis, Saurlapju kiidrenis), ka arT pa bonitates
klasem. Analiz&ti gan dati pa atseviskam atmiruma
grupam  (sausokni, stumbeni, kritalas), gan
arm kopgjais atmirusas koksnes lielums priezu
mezos (m> ha').

Empiriska sadalijuma atbilstitba normalajam
sadalfjumam parbaudita, izmantojot Kolmogorova—
Smirnova testu. Noskaidrots, ka gan paraugkopa
kopuma, gan pa meza edafiskajam rindam un
bonitates klaseém atmirusas koksnes lielums neatbilst
normalajam sadalfjumam. L1dz ar to, lai noskaidrotu,
vai augSanas apstakliem ir butiska ietekme uz priezu
audzu atmiruma lielumu, no neparametriskajam
metodém izmantots Kruskala—Valisa tests, kas ir
alternativa metode viena faktora dispersijas analizei
(Paura, Arhipova, 2002).

meétru

Rezultati un diskusija

Analiz&to parauglaukumu sadalfjuma pa meza
augSanas apstaklu tipiem, t.i., pa Iidzigu klimatisko,
hidrologisko un edafisko faktoru kopam, liclaks
Tpatsvars ir sausienu meziem — 810 parauglaukumi
jeb 50% no visiem analiz&tajiem parauglaukumiem
(1. att.). Salidzino$i liels parauglaukumu Tpatsvars
ir arT nosusinatajos mezos — 479 parauglaukumi jeb
29% no visiem analiz&tajiem parauglaukumiem,
no kuriem 16% jeb 267 parauglaukumi atrodas
nosusinatas kuidras augsnés (kiidreni), bet 13% jeb
212 parauglaukumi atrodas nosusinatas
mineralaugsnés (areni). Nedaudz mazaks
parauglaukumu Tpatsvars ir slapjas kiidras augsnés
(purvaini) — 190 parauglaukumi jeb 12% no visiem
analizétajiem parauglaukumiem, bet vismazakais
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OSausieni/ Forests on dry mineral soils

@ Slapjaini/ Forests on wet mineral soils

B Purvaini/ Forests on wet peatsoils

O Areni / Forests on drained mineral soils

% Ktdreni/ Forests on drained peat soils

1. att. Parauglaukumu sadalfjums pa meza augSanas apstaklu tipiem.
Fig. 1. Distribution of sample plots in different growing conditions.
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2. att. Priezu audzu atmiruma atskiribas pa meza augsSanas apstak]u tipiem
(vidgjas vertibas, m? ha'', un 2 standartk]tdas).
Fig. 2. Deadwood volume differences of pine stands among various growing conditions
(mean values, m® ha!, and 2 standard errors).

parauglaukumu Tpatsvars ir slapjas mineralaugsnés
(slapjaini) — 148 parauglaukumi jeb 9% no visiem
analiz&tajiem parauglaukumiem.

Ar Kruskala—Valisa testu konstatéts, ka meza tipu
edafiskajam rindam ir batiska ietekme uz atmiruma
lielumu (p-vértiba=0.000<a=0.05). Tacu, noraidot
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H, hipotezi, ka gradacijas klaSu vidgjas vertibas
butiski neatskiras, Kruskala—Valisa tests nedod
atbildi, starp kuram gradacijas klasém pastav butiskas
atSkiribas. Lidz ar to gradacijas klasu vidgjo vertibu
salidzinaSanai tika izmantotas grafiskas metodes
2 standartkliidu ietvaros.

LLU Raksti 25 (320), 2010, 36-43



A. Jansons

Latvijas priezu mezu atmirums atskirigos meZa augsanas apstaklos

Salidzinot atmiruma lieluma atskiribas starp
dazadiem meza augSanas apstaklu tipiem, konstatgts,
ka bitiskas atmiruma licluma atskiribas priezu
audz€s verojamas starp purvainiem un pargjiem
augSanas apstaklu tipiem (2. att.). Purvainos
ir vidgji vismazaka atmirusas koksnes kraja —
72+0.72 (x+s.) m’ ha', kas galvenokart
izskaidrojams tiesi ar zemo priezu audzu razibu Sajos
augSanas apstaklos. Purvainos augsnes aeracija un
vielu aprite ir vaja, augu organiskas atlickas pilniba
nesadalas, bet veido kiidras uzkrajumus, kuras
biezums parsniedz 30 cm, un koku sakném nav
tieSas saskares ar mineralaugsni (Buss, 1981; Meza
enciklopédija, 2003). Sadu mezaudzu zemo razibu
apstiprina ar1 citu autoru pétfjumi (Libiete, 2006;
Libiete, Jansons, Zalitis, 2009), kuros noskaidrots,
ka viszemakas razibas raditaju (koksnes krajas un
krajas tekosais pieaugums) vertibas priezu audzges ir
purvainu mezos.

Vislielakais vid&jais atmirums priezu
audz€s verojams slapjainos un arenos — attiecigi
18.6+2.09 m?® ha'! un 18.7+1.62 m? ha’', savukart
sausienos un kudrenos — 13.6+0.78 m? ha' un

16.1+1.18 m?® ha'!. Pasaules Dabas Fonds savos
petijumos konstatgjis, ka sausajos priezu mezos
atmirusas koksnes lielums ir 3-9 m’ ha', bet
parmitrajos priezu mezos — 3—11 m* ha' (Prieditis,
1999). Visos gadijumos pétjjumi attiecas uz
relativi maz skartam un aizsardzibai prioritaram
vietam, un kopgjais noverojumu skaits bija neliels
(13 uzmerijumi).

Slapjainu mezos lielaka atmirusas koksnes kraja
izskaidrojama ar nestabilo Gdens un gaisa rezimu
augsnés. Slapjas vasaras gruntstidens appludina koku
saknu horizontu, koku pieaugumi jiitami kritas un
augu organiskas atliekas liela mitruma un anaerobo
apstaklu dé| sadalas 1eni, uzkrajas zemsega. Savukart
sausas vasaras norisinds atpurvosanas, organiskas
atlickas sadalas straujak un koku picaugumi uzlabojas.
Sava ietekme uz atmirusas koksnes daudzuma
atSkirtbam sausienu un slapjainu mezos varétu biit
arT mezu apsaimniekoSanai, kas intensivak norisinas
sausienu mezos.

Salidzinosi krasas atSkiribas, kas priezu audzes
verojamas starp atmiruma apjomu purvainos un
ktdrenos, un pavisam niecigas atSkiribas starp
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15.0—
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Atmirums, m? ha'! / Deadwood volume, m® ha™

%

Meza tips / Forest type

3. att. Priezu audzu atmiruma atSkiribas pa meza tipiem (vid¢jas vertibas, m* ha'!, un 2 standartkludas).
Fig. 3. Deadwood volume differences of pine stands among different forest types
(mean values, m® ha!, and 2 standard errors).
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atmiruma lielumu slapjainos un arenos zindma meéra
var izskaidrot ar to, ka nosusinasanas efektam lielaka
ietekme uz priezu audzu razibas palielinasanos ir
tiesi slapjajas kuidras augsnés. Savukart arenos priezu
audzes tiek paklautas intensivakai apsaimniekoSanai.

Analizgjot parauglaukumu datus detalizetak pa
meza tipiem, konstatéts, ka atmirusas koksnes kraja
priezu audz@s virSu kiidrent (Callunosa turf. mel.) un
purvaja (Sphagnosa) bitiski atSkiras no atmirusas
koksnes krajas pargjos meza tipos (3. att.), iznemot
vienigi silu (Cladinoso-callunosa). Jaatzimg, ka
visos gadijumos, izpemot virSu kadreni (n=23),
parauglaukumu skaits ir lielaks par 30.

Virsu kiadreni, ka arT purvaja un sila
atmiruma lielums ir vismazakais — attiecigi
1.9£0.81 (x*s.) m® ha', 5.1£0.64 m’ ha' un
5.3£1.24 m® ha'. Savukart vislielaka atmirusas
koksnes kraja priezu audz€s verojama tieSi
slapjaja =~ damaksni  (Myrtilloso-sphagnosa) — —
25.0+3.88 m® ha'!, ka ari Saurlapju areni (Myrtillosa
mel.) un Saurlapju kudren1 (Myrtillosa turf.
mel.) — 21.6£2.16 m* ha' un 20.8+1.87 m® ha'.
Salidzinosi licla atmirusas koksnes kraja veidojas
ari damaksni (Hylocomiosa) — 19.6+1.47 m® ha’,
kas butiski atSkiras no atmiru$as koksnes krajas
pargjos sausienu mezu tipos. Métraja (Vacciniosa)

un lana (Myrtillosa) atmirusas koksnes kraja
attiecigi ir 8.0+0.80 m’ ha' un 9.8+1.03 m’ ha’.
Nedaudz lielaka atmirusas koksnes kraja konstateta
slapjaja métraja (Vaccinioso-sphagnosa), niedraja
(Caricoso-phragmitosa), métru areni (Vacciniosa
mel.), ka arT métru kiidrent (Vacciniosa turf. mel.) —
attiecigi  12.4+1.34 m® ha'!, 11.5£1.60 m® ha’,
12.0£1.82 m*® ha' un 12.741.36 m’® ha'. Talu
atSkiribas starp atmiruma apjomu $ajos meza tipos
butiskuma [TmenT a=0.05 nav biitiskas.

Kopuma analiz&tas audzes attieciba uz atmirusas
koksnes krajas lielumu var iedaltt tris grupas (3. att.):
priezu audzes oligotrofajas ekosistémas ar nelielu
atmirusas koksnes kraju (virSu kudrenis, purvajs,
sils), priezu audzes oligo-mezotrofajas ekosistémas
ar vidgji lielu atmirusas koksnes kraju (métrajs,
lans, slapjais métrajs, niedrajs, métru arenis un
métru kiidrenis) un priezu audzes mezo-eitrofajas
ekosistémas ar lielu atmirusas koksnes kraju
(damaksnis, slapjais damaksnis, Saurlapju arenis un
Saurlapju kiidrenis). Grupu ietvaros atSkirtbas nav
butiskas, bet starp grupam — ir. Tatad lidz ar augsnes
auglibas un audzu razibas palielinasanos vérojama ari
atmiru$as koksnes krajas palielinasanas, ko uzskatami
parada arT atmirusas koksnes krajas sadalfjums pa
bonitates klasém (4. att.).

2

20.0—

15.0—

10.0—

Atmirums, m® ha' / Deadwood volume, m® ha
W
?

0.0—

Ia I II

I v \Y Va

Bonitates klase / Locality class

4. att. Priezu audzu atmirums bonitates klas€s (vid&jas vertibas, m?® ha'!, un 2 standartkltdas).
Fig. 4. Deadwood volume differences of pine stands among locality classes
(mean values, m* ha'!, and 2 standard errors).
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5. att. Relativais atmirusas koksnes krajas sadalijums, %, pa atmiruma grupam un meza tipiem.
Fig. 5. Relative distribution of deadwood volume, %, among types of deadwood and forest types.

Vislielaka atmirusas koksnes kraja verojama
la un I bonitates priezu audzés — attiecigi
17.9+1.54 (X £5;) m® ha'! un 18.7+1.31 m’ ha’,
kas butiski atSkiras no atmirusas koksnes krajas
par&jas bonitates klas€s, iznemot tikai II bonitates
priezu audzes, kur atmirusas koksnes lielums vidgji
ir 14.1+£0.90 m® ha!. Savukart vismazaka atmirusas
koksnes kraja konstatéta Va un V bonitates priezu
audz8s — vidgji attiecigi 3.740.71 m® ha' un
6.5£1.09 m® ha'. Tre$as un ceturtas bonitates
priezu audz€s atmirusas koksnes kraja vidg€ji veido
11.4+0.97 m® ha'! un 9.6+1.08 m? ha.

Atmiruma  strukttras rada, ka
salidzinajuma ar citiem meza tipiem sila un purvaja ir
lielaks sausoknu krajas Tpatsvars — attiecigi 45.9% un
47.2% no kopgja atmiruma, bet mazaks kritalu
Tpatsvars — attiecigi 34.6% un 26.9% no kopgja
atmiruma (5. att.). Lielaks sausoknu krajas Tpatsvars
(43.7 % no kopgja atmiruma) verojams arT virSu
kiidreni, kas izveidojas p&c purvaju un priedém
apaugu$u augsto purvu nosusinasanas.

Purvaja lielaks sausoknu krajas patsvars dalgji
izskaidrojams ar to, ka koku augstums S$aja meza
tipa ir salidzinosi neliels un koki ir mazak paklauti
vgja ietekmei (v€jgazem, vejlauzém), kuru rezultata
mezos parasti veidojas saméra liels daudzums

analize

LLU Raksti 25 (320), 2010, 36-43

kritalu un stumbenu. ArT koku gadskartas purvaja ir
Saurakas, koksne blivaka un mehaniski izturigaka,
lidz ar to dabiski atmirusi koki ilgak saglabajas
stavoSu nokaltuSu koku veida un to sadaliSanas,
salidzinot ar guloSiem kokiem, ir Iénaka. Dabiskos,
cilveka neskartos parauguSos priezu mezos Sadu
atmirusu stavosu koku saglabasanas vecums sasniedz
pat 100 un vairak gadu (Siitonen, 2001).

Sila lielaks sausoknu krajas ipatsvars var€tu biit
izskaidrojams ar to, ka $1 ir viena no nabadzigakajam
un jutigakajam sausienu mezu ekosistémam, kur koku
aktiva saknu sistéma koncentréta galvenokart augsnes
augsgjos horizontos, kas sausakas vasaras var iekalst.
Sausas vasaras sila ir Joti augsta ugunsbistamiba,
tadel iesp&jams, ka kritalas tiek regulari izvaktas.

Slapjajos un nosusinatajos lidz ar
augsnes auglibas paliclinasanos kopg€ja atmiruma
struktiira palielinas ar1 kritalu krajas ipatsvars, kas
ir visaugstakais slapjaja damaksni un Saurlapju
ktidrent—attiecigi 55.5% un 56.4%. Savukart sausienu
mezos atSkiribas starp atseviSkiem meza tipiem,
iznemot silu, ir loti niecigas, un kritalu ipatsvars
atmiruma strukttra veido 52.6-53.4%.

Augligakajos priezu mezos lielaks kritalu krajas
Ipatsvars vartu but izskaidrojams ar citu sugu
piemistrojumu kokaudzé un to Ipatsvaru kopgja

mezos
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atmiruma kraja, jo, ka liecina pétijumi, kas veikti
35-130 gadu vecas neapsaimnickotas Lictuvas
mezaudzes (Vasiliauskas, Vasiliauskas et al.,
2004), atmiruma struktiira (atmirusu stavosu, lauztu
un izgaztu koku patsvars) starp koku sugam var
ievérojami atskirties. Vienas sugas ietvaros atmiruma
struktiira var mainities atkariba no edafiskajiem
apstakliem un audzes vecuma. Minétajos p&tjjumos
konstatéts, ka parastas priedes atmiruma struktiira
galvenokart doming atmirusi stavosi koki un vgja
izgaztu koku Tpatsvars ir pavisam neliels. Savukart
parastas egles (Picea abies (L.) Karst.), apses
(Populus tremula L.), ara un purva bérza (Betula
pendula Roth un Betula pubescens Ehrh.) atmiruma
strukttira dabiski atmirusu stavosu koku Ipatsvars ir
ievérojami mazaks, toties lielaks ir v&ja izgaztu un
lauztu koku patsvars.

Secinajumi

1. Meza tipu edafiskajam rindam ir biitiska ietekme
uz atmiruma apjomu priezu mezos. Nozimigas
atmirusas koksnes krajas atSkiribas priezu
audz€s vérojamas starp purvaigiem un pargjiem
augSanas apstaklu tipiem.

2. Palielinoties augsnes auglibai un audzu razibai
priezu mezos, palielinas arT atmirusas koksnes
kraja. Vismazaka atmirusas koksnes kraja ir
oligotrofajos priezu mezos (virSu kuadreni,
purvaja un sila — attiecigi 1.9+0.81 m? ha',
5.1£0.64 m*® ha' un 5.3+1.24 m’® ha'), bet

vislielaka — mezo-eitrofajos priezu mezos
(damaksni — 19.6+1.47 m*® ha!, slapjaja
damaksni — 25.0+£3.88 m?® ha’!, Saurlapju

areni — 21.6+2.16 m* ha'! un Saurlapju kidreni —
20.8+1.87 m*ha’'.

3. Atmiruma struktiiras zina visatskirigakas priezu
audzes ir purvaja un sila, kur salidzinajuma ar
citiem meza tipiem atmirusas koksnes kopgja
kraja lielaks Tpatsvars ir sausoknu krajai, bet
mazaks — kritalu krajai.
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Abstract. Use of soil thermal energy in systems with thermal pumps is important during cold winters when the
heat extracted from soil is insufficient, as well as when alternative thermal energy sources should be used for
a shorter time. The amount of heat extracted from soil depends on several factors, e.g., cold carrier’s technical
parameters, the depth at which the cold carrier pipes are placed in soil as well as the distance between them,
composition of soil, and average monthly air temperature during the building heating period. Thermal amount
which is necessary for the building heating is influenced by geometrical parameters of a building, air temperature
in rooms, as well as building technical parameters which are estimated by heat loss during the heating period.
A computer program mathematical model of the thermal pumps’ system is developed and analyzed in the paper.
When planning the heating system, the mathematical model provides a possibility of calculating the distance
between cold bearers (which is one of the main thermal pumps’ construction parameters) with certain reserve.
The developed mathematical model can be applied for any outdoor air temperature and soil thermophysical
parameters which are considered when modifying the approximate coefficients. With the help of the computer
system it is possible to analyze the already established thermal pump systems and to predict their efficiency — to
determine the object’s provision with thermal energy during the building heating season, to evaluate additional
functions for the system, etc.

Key words: thermal pumps, soil, mathematical model, cold carriers.

Introduction

Because of the lack of traditional energy sources
and increased environment pollution, energy saving is
becoming more and more popular. To economically
use traditional energy sources, as well as to acquire
and utilize more extensively the alternative energy
sources, application of modern technologies is
increasing throughout the world. The most commonly
used environment-friendly alternative energy sources
are wind, sun, soil, and water. In Latvia, use of
thermal pumps is expanding as they allow utilization
of one of the alternative energy sources — solar

44

heat accumulated in soil, water, air — with minimal
electrical energy consumption.

The heat accumulated in soil upper or deeper
layers can be used by installing boreholes in the
soil (Blumberga, 2008). Under Latvia’s climatic
conditions, the soil upper level is rarely freezing
deeper than 1.2—1.5 m.

Soil heat is usually used for building heating
and water heating. The thermal pump heating
system consists of three parts: surface collectors for
extracting the heat from soil, a thermal pump for
concentrating and shifting the external environment

LLU Raksti 25 (320), 2010, 44-53
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Heating system of the building

Thermal pump

Surface collectors

(cold carrier)

Hot water of

the household

Fig. 1. The scheme of using soil surface heat for the building heating (Fakti par ..., 1997).

heat intended for heating of the building and water,
and internal building heating systems (Fig. 1)
(Fakti par ..., 1997).

For the building heating systems which use heat
accumulated in the upper soil level, the cold carrier
usually is made from polyethylene pipes.

The amount of heat extracted from soil and the
power of heating system are influenced by the cold
carriers’ parameters (material of pipes, thickness,
internal diameter), depth and distance between the
pipes, soil texture (clayey, sandy, etc.), soil moisture,
and soil freezing depth. When designing the building
heating systems, it is very important to evaluate these
parameters in order to provide minimal additional
heating for the building heating system during the cold
winter months. If there are mistakes in the process of
engineering the heating system, system defects and
even system work breaks during the heating season
are possible. Mathematical modelling is widely used
in the world (Blumberga, 2008; Hectors, van Reusel,
Driesen, 2008; Cepite, Jakovics, Halbedel, 2008;
PrzyLucki, 2008; Kuvaldin, Lepeshkin, 2008) for
solving technical issues in various sciences.

LLU Raksti 25 (320), 2010; 44-53

The purpose of the research was to develop
a mathematical model which would include the
above-mentioned parameters, climatic conditions,
different soil types, and building heating loss,
which influences the heating system operation.
By means of the developed mathematical model,
the necessary distance between cold carriers can be
determined.

Materials and Methods

A theorem in mathematics has been proven that
for a correctly formulated mathematical physics
problem (in our case it consists of equation (1),
beginning condition (5), and boundary conditions
(2-4)) there is only one solution — formulas (14-16).
The problem solution scheme is well known and
relatively large therefore, in this paper, it is not
reflected fully but only to the extent that specialists
in this field could develop a solution (14-16).
For demonstration purposes the paper presents
two cities, Dobele and Daugavpils, with different
climatic conditions and two types of soil (sandy
loam and loamy sand), polyethylene cold carrier
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Dotted surface collectors

. T),_y = fi(t)
> X
Xok
oT oT
— =0 L .- - O-mmimt O---.- — =0
ox x=0 ox x=b
= G (x€(0;b) y €(0,h))
b -
v
y ¥ T|y:h =1,(t)

Fig. 2. The scheme of the mathematical problem for the building heating using thermal pumps.

pipes with internal diameter of 40 mm, built at the depth of 1.2 m, distance between the pipes — 1.5 m. Also
other values are used.

It can be assumed that in a definite soil area G (x € (0;b) y € (0,h)) (Figs 1 and 2) there are installed cold
carriers that serve as heat energy transformers for the building heating.

In order to calculate temperature division in soil, which in the plane xy (Figure 2) is presented as dotted cold
carriers, a mathematical physics problem can be formulated. It consists of:

— non-stationary heat conduct equation:

oT a &
5=CZAT'FX(](K)ZS(X_XOk;y_yO), )

k=1
where

T — temperature, °C;

t — time,s;

A — soil thermal conductivity coefficient, W m' K'';

A
a= w temperature conduct coefficient, m?s (¢ — soil specific thermal capacity, J kg K*';
P p — soil density, kg m™);
o* o’
=+t - Laplace operator (x, y — coordinates);
ox* oy

q(t) — cold carriers’ intensity (rate), W m’';

O(X-Xys YY) — colq carriers’ delta function (describes dotted coordinates x;, and y, of cold
carriers), m?;

N — number of cold carriers in soil;

— boundary conditions in the direction of x axis (heat does not move in the direction of x axis at area
limits x=0 un x=b):
oT oT

=0 and

= =0 )
8x x=0 ox x=b

>

where

b — area latitude, m;
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Table 1
Approximation coefficients of functions f,(t) and f,(t)
) Coefficient a, values for function f(t) Coefficient b, values for function f(t)
Location : i
1 2 3 1 2 3
Dobele
0.0014 -0.2666 7.1821 0.00009 -0.0465 10.410
(sandy loam)
Daugavpils 0.0015 -0.2760 6.3384 0.00020 -0.0660 11.118
(loamy sand)
— boundary conditions in the direction of y axis:
T, =fi(0), 3)
which defines temperature change on soil upper level during the heating period:
T\y:h =f,(1), 4)
which defines temperature changes in soil depth (h) during the heating period;
— beginning condition:
T|oy=F(0.y). ()

where function F(0,y) defines temperature division in the defined soil area G(x € (0;b) y € (0,h) ) during time
t=0 (Figure 2).
Functions f(t) and f,(t) of the expressions (3 and 4) describe the average temperature change during the

heating season, which close to the experimental measures (CrnpaBodHuK ..., 1965) can be approximated by
polynomials:
fi(t)=a,t> +a,t+a,, (6)
f,(t)=b,t> +byt+bs. ©)

Coefficients a and b, of the expressions (6 and 7) can be developed by the smallest quadrate method, which,
for example, for the Dobele sandy loam soil and the Daugavpils loamy sand soil are presented in Table 1 (time
periods were measured in days, the heating season started on October 15).

Figures 3 and 4 present the experimentally defined (CrpaBounuk ..., 1965) average monthly temperature
and its approximation functions f|(t) and f(t).

In a sufficient depth, where annual temperature does not change, the geometrical gradient exists from
0.01 to 0.037 K m™! (Pandalons, Iljins, 2001), which at a sufficient value (A=1.5 W m™" K™') of soil thermal
conductivity produces heat flow of 0.015-0.055 W m?, which, in its turn, is very little and may not be taken
into account regarding the building heating. As the function’s f(t) derivation according to y is proportional to
the geometrical gradient, the function’s f,(t) derivation according to y should be zero (0), which means that at
the soil area where cold carriers are installed, heat from deeper soil layers is not supplied.

The mathematical physics problem (1-5) is solved using the popular method of variables separation.
The scheme of the method is well known and described in mathematics textbooks. The scheme extension
is relatively long and consists of lines of various integrals’ calculations and long algebraic transformations,
therefore all mathematical transformations are not presented. All necessary formulas are presented for a reader
to calculate a solution.

Attention has to be drawn to the function F(t, x, y) (5). This formula has to be presented in
a simple form, but maximum close to the actual soil temperature division. As there is no foundation
to consider that at the start moment t=0 temperature division exists on X axis, it is presumed that
function F does not depend on x. The function’s F dependence on y can be developed differently. One of the
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8 o fi(t)= 0.0014¢” - 0.2666t +7.1821
A fi®), C )
6 R = 0.29533 Dobele
! fi(t)=0.0015t" - 0.276t + 6.3384
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Fig. 3. Changes in the monthly average temperature f(t) during the heating season (starting on October 15)
in the soil upper level (y=0) in Dobele (sandy loam) and Daugavpils (loamy sand).

12 L £(t) =9E-05t > - 0.0465t+ 10.41
‘ L), C R”=0.9885 Dobele

10 S £(t)=0.0002t *- 0.066t+ 11.118

g R*>=0.9984

6 —— Dobele

4 =======  Daugavpils

2

0
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Fig. 4. Changes in the monthly average temperature in soil f,(t) during the heating season
(starting on October 15), y=h=3.2 m, in Dobele (sandy loam) and Daugavpils (loamy sand).

possibilities described by the authors is to construct the function F as a linear combination of the functions
f,(t) and f(t). However, the obtained data varied significantly from the temperature division data on y
coordinate found in the literature (CrpaBounux ..., 1965). Therefore the authors chose quadrate function’s
F dependence on y:

2
F(t;y) = f,(0) + 2[6, () - £, (0] % -[f,-f,m] }f—z (8)

which corresponds to the literature (CripaBounuk ..., 1965) data. At the same time, function F has to satisfy
certain limits which are discussed further in the text.

Compliance of the beginning condition (5), given by formula (8) at t=0 F(0, y), with experimental data
is shown in Figure 5.

The basic idea of the variables separation method is to find the problem (1-5) solution as an
infinite-line sum, where each line member is a multiplication of three functions; moreover, each of these
three functions is only a function for a single argument function. Construction of a solution is possible only if
problem limits (2-4) are homogeneous. The limit (2) is homogeneous, but limits (3, 4) are not homogeneous.
Thus, the solution by substitution
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Fig. 5. Dependence of the function F(0, y/h) on the relative depth y/h at the beginning
of the heating season, October 15, in Dobele.
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Fig. 6. Changes in the average monthly air temperature T (t) in the heating season,
starting on October 15, in Dobele.

T(t,x,y) =F(t,x,y) + U(t,x,y) , )

is divided into two parts. If the function F satisfies the limits, the function’s U homogeneous limits remain.
As it is seen, the authors’ constructed function (8) does not contain coordinate x, and function’s F(t, y) limits
(2—4) are satisfied. Thus, function’s U limits are homogeneous.

The second function which should be found is the necessary intensity q(t) of cold
carriers’ dependence on time. This can be developed presuming that cold carriers’ intensity
is proportional to the monthly average temperature difference in the inside and outside air.
Using (CrpaBouHUK ..., 1965), data of an average monthly temperature change during the heating season
in the Dobele area is developed (Fig. 6). This dependence can be quite precisely approximated by a
polynomial:

T,(t) =pt* +1t+q, (10)

where coefficients p=0.0013 K d?, r=-0.2527 K d’!, and q=7.5412 K are obtained by the smallest quadrate
method (time (t) is calculated in days, starting on October 15).
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Latvian building standards (Latvijas buvnormativs ..., 2001) present values of the coefficient h, in dwelling
houses, retirement homes, hospitals, and kindergartens. The normative heat loss coefficient H. for those
buildings can be determined according to formula:

Hip =h,A, (11)

where

h, — specific heat loss coefficient of a building’s one-square meter floor area (h, values for
one-, two-, three-, four- and more storey buildings are, respectively, 1.05, 0.8, 0.7, and
0.6 W m? K!) (Latvijas bavnormativs ..., 2001);

A — sum of floor area at all building stories, m?.

Then the cold carriers’ intensity q(t) can be found using formula:

N _H

qt) = I T(Ti —T.(V)> (12)

where
N(t) - total heating capacity used, depending on time, W;
L — cold carriers’ total length, m;

T, — internal temperature of a building, °C.

Considering formulas (10) and (11), the expression (12) can be rewritten in the following form:

q(t) =c,t* +cyt+cys (13)
where
¢ :hiAPQ
) :hATA ;
C3 = h/]iA (Ti-q).

For example, considering values T=20 °C, A=274 m’, L=600 m, and h,=0.8 W m? K", the following
coefficients are obtained: ¢,=-0.0004749 W m™" d~, ¢,=0.09233 W m™ d"', and ¢,=4.5516 W m"".

Results
By solving problems (1-13) of mathematical physics by the method of separation of variables, a solution as
an infinite line sum is obtained:

T(t,x,y) =T(t,y)+ U(t,x,y), (14)

where the expression’s (14) first member does not contain coordinate x. The expression’s (14)
first member is calculated by summing the variable index j:

T(t,y) =F(t,y)+ Zﬁ)j(l —exp(—anjzt) +E;t+ thz)sin n;y. (15)
=

The function F(t,y) is presented by expression (8), but coefficients F, E, D, can be solved using formulas:

v 1 2y 1 1 2y,
F, = ;,Ejz —|Bi- 21 sand Dj=——a;———|B;——5||.
n;a nja nja nja nja nja

where
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b, —a, 2(b, —a,) 2a h 2 l-cosmj. B w1 2 h.
(X,j: h2 Cj_ h dj_hT(b3_a3)Cj’ where Cj:;'f’ dj_(_l)J ;?’
2 h? i 2 l-cosmj]|.
e = _..[(_1)J +2..21],
T T j
numerical values of coefficients a _, and b, are presented in Table 1;
2(b, —a)) 4(b, —a,) 2a
B;= " e — N d;— 2a1+h—2(b2—a2) Cis
2a
Y; =_h7(bl —a;)c;.
The function U in expression (14) is a double sum of variables i and j:
U(t,x,y) = EE(QU(I - exp(—auijzt))+ Rjt+ Pijtz)cos Gix-sinm;y, (16)
where 4ac, sinm;y, N .
: i =———————2c08(;X >
o= ! b SRk
b , , Q. = Tij _Rij .
i Y - § g
My =G+ :[gj +(f) ’ ayj
4ac,sinn.y, N
o == 7T S0l x g
P = Ty T S
ap
oy = ékacl}s:% gcos EiXop b N — number of cold carriers in area G;
Bij 2P, k= Xoeo Yo — cold carriers’ coordinates, m;
ij = 3H1j2 =’ C,,C, ¢, — are taken from expression (13).

Figure 7 shows temperature division in soil (h,=0.8 W m? K", A=274 m?), which is calculated by
using formulas (15) and (16). In Fig. 7A, temperature on the cold carriers’ surface is identical (the lowest
temperature is -4.1 °C), except on the cold carriers on either side of the graph, where the temperature is
higher. Fig. 7B demonstrates that with the decrease of the distance between the cold carriers, decreases also
the temperature on their surface (first group —-5.5 °C, second group — -4.6 °C, third group —-3.9 °C).

8 1 8 1
6 T,°C 30m 6 T.°d — 3.0m
4 4 ’
e 1.8m __?\..-"""‘-f____ ’F‘: 1.8 m
2 /. 12m 2 N\ N
0 0 " L7 it -
2 \IY AAAAAA"‘[/ 06m -2 \ f\ / \\ i(l)zm
YWYV - Y} -o0em
-4 i i -4 it Om
-6 Om -6 B
0 5 10 15 20 25 X, m 0 5 10 15 20 25 xm
A B

Fig. 7. Examples of temperature division at various soil depths y (h,=0.8 W m? K),
depending on the placement of cold carriers:
A — cold carriers placed at an equal distance of 1.5 m; B — three groups of cold carriers placed at
different distances (in the graph — from the left): 1st group — at the distance of 0.75 m (4 cold carriers);
2nd group — at the distance of 1 m (3 cold carriers); 3rd group — at the distance of 1.5 m (3 cold carriers).
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Fig. 8. The temperature on the cold carriers’ surface, t=112 d (days), starting from the beginning
of the heating season (October 15), depending on the distance between the cold carriers (d),
for different building specific heat loss coefficients, h,=0.5-1.1 W m? K,
at cold carrier’s diameter of 40 mm and installation depth y =1.2 m.

Since constructively it is not allowed that the
temperature on cold carrier’s surface is lower than
-5 °C (Viesmann ..., 20006), it is necessary to
develop a computer program which would analyze
temperature division in soil according to the
following algorithm. Firstly, the collectors’ working
time has to be chosen when the temperature on
the cold carrier elements is the lowest. It could be
110-115 days (i.e., on February 2—7) beginning from
the system’s start-up on October 15. At this time,
using formulas (15) and (16), a graph is developed
according to the parameters of the building,
soil, and climate (Fig. 8). For example, if
h,=0.8 W m? K', A=274 m’ y =12, the cold
carrier’s diameter is 40 mm, and the lowest
temperature on the cold carrier’s surface is -4 °C,
then distance between the cold carriers has to be
1.6 m. Whereas, if the distance between the cold
carriers is 1.0 m, the lowest temperature on the cold
carriers’ surface will be approximately -5.2 °C,
which means that pauses in the system’s operation
might occur. The graph shows temperature on the
average cold carriers’ surface depending on distance
(d) between them at different values of the building’s
specific heat loss coefficient h,. The building heat
loss coefficient can be determined by the building’s
heat usage in the previous years or by the building
project energy audit. The minimal distance between
cold carriers, demonstrated in Figure 8, is determined
for engineering the thermal pump, which will allow
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to keep the temperature at the necessary temperature
limit, i.e., at -5 °C .

Conclusions

1. The mathematical model with an appropriate
computer programme, using a surface collector
for extracting the soil heat, ensures the following
benefits:

— designing of the soil heat usage systems (to
determine parameters of systems) for heating
of dwelling houses and water. The program is
able to evaluate collectors of different diameter,
depth, and distance;

— evaluation and analysis of various soil
heat usage  projects with  particular
parameters of thermal pumps, collectors

(material, size, installation depth, distance
between collectors, and total length), soil
(soil type, moisture, density, etc.), as well as
climatic conditions (air temperature) of the
geographical area. For example, specification of
the winter air temperature, at which the system
will be able to heat the building, as well as
prediction of the number of days, during which
alternative heating sources will be used at a low
air temperature;

— analogical analysis of the constructed soil heat
usage systems, as well as determination of
whether additional building or water heating
systems can or cannot be connected.
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2. The mathematical model and computer program 5. Kuvaldin, A., Lepeshkin, A. (2008)

can be changed for designing the building’s Mathematical modelling of induction hardening
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Anotacija

Zemes virskarta akumulétas siltuma energijas izmanto$anas sistemas ar siltuma stikniem ir svarigi, lai aukstas
ziemas, kad no zemes iegiitais siltuma daudzums ir nepietickams, €kas apsildiSanai péc iesp&jas Tsaku laiku
bitu jaizmanto alternativi siltuma energijas avoti. No zemes virskartas ieglistamais siltuma daudzums ir
atkarigs no vairakiem faktoriem, piemeram, aukstuma nesgja tehniskajiem parametriem, aukstuma nesgja
caurulu novieto$anas dziluma zeme un to savstarpgja attaluma, grunts veida un mitruma, ka art no apsildamas
¢kas ara gaisa ménesu vidgjas temperatiiras &kas apsildes perioda. Savukart ekas apsildiSanai nepiecieSamo
siltuma daudzumu ietekmé apsildamo telpu geometriskie parametri, telpas nodro§inama gaisa temperatiira, ka
arT ckas tehniskie parametri, ko noverte ar siltuma zudumiem apsildes perioda. Darba izstradats un analiz&ts
siltuma stikna sistémas matematiskais modelis ar datorprogrammu, kas sistémas projektéSanas gaita ieverte
iepriek§mingtos faktorus. Matematiskais modelis dod iesp€ju, projektjot apkures sist€ému, aprékinat ar
zinamu rezervi aukstuma nes€ju savstarpgjo attalumu, kas ir viens no galvenajiem siltuma stkna izbtives
parametriem. Izveidotais matematiskais modelis ir piem@rojams jebkuram ara gaisa temperatiiram un jebkuriem
grunts termofizikalajiem parametriem, kas tiek ievéroti, vari€jot attiecigos aproksimacijas koeficientus. Ar
datorprogrammas palidzibu iesp&jams analiz&t arT jau ierikotas siltuma stiknu sistémas un prognozéet to darbibas
efektivitati — noteikt objekta nodroSinajumu ar siltuma energiju €kas apsildes sezona, novertét iesp&jas sist€émai
uzticét papildu funkcijas u.tml.
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Macro- and Trace Elements in Honey
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Faculty of Geography and Earth Sciences, University of Latvia
e-mail: Zane.Vincevica@gmail.com

Abstract. Bee honey is a well-known natural food commodity with very complex composition especially due
to the great amount of such organic compounds as carbohydrates. Composition of honey is tightly dependent on
the origin, both the botanical and geographical, and is influenced by natural factors as well as by anthropogenic
factors. Therefore data derived by quantitative analysis of honey can be used for assessment of environmental
impact. Analytical methods for macro- and trace element determination in honey are variable, mostly based on
spectroscopy or mass spectrometry techniques (e.g. inductively coupled plasma atomic emission spectrometry,
atomic absorption spectrometry). This article embraces the available scientific information on honey macro-
and trace element composition in several European countries. Thirty two chemical elements identified in honey
samples are split into two groups: macroelements (Ca, Cu, Fe, K, Mg, Mn, Na, P, S, Zn), and trace elements
(Al, As, B, Ba, Br, Cd, Ce, Cl, Co, Cr, Hg, La, Ni, Pb, Rb, Sb, Se, Sr, Th, Ti, Tl, U). Analytical data show that
the ranges of amounts of individual chemical elements are variable and may depend on many factors including
possible pollution sources. For monitoring reasons the greatest attention should be paid to the amounts of
essential elements which are important for human health, and to the presence of possibly toxic elements in

honey.

Key words: honey, trace elements, macroelements, quantitative analysis methods.

Ievads

Medus jau no seniem laikiem ir labi zinama
vertiga uztura sastavdala, galvenokart izmantojama
ka salda piedeva vai cukura aizstajéjs cilveka
ikdienas uztura. Medu — dabisku produktu ar skidru
vai dalgji skidru, viskozu konsistenci — razo medus
bites (Apis mellifera) gan no ziedu nektara, iegiistot
ta saukto nektara medu, gan no sekréta uz augu lapu
virsmas, kas rodas augiem fiziologisku procesu
rezultata vai ko rada augu sticgjkukaini, pieméram,
Metcalfa pruinosa, iegustot ta saukto medusrasas
medu (Madejezyk, Baralkiewicz, 2008; Pisani,
Protano et al., 2008; Golob, Dobersek et al., 2005).
Partika medus tiek lietots tiesa veida bez parstrades,
ka arT tiek izmantots par sastavdaJu partikas
ripnieciba, lielakoties miltu izstradajumu razosana
cukura aizstasanai, krasas un garSas uzlabos$anai,
karamelizacijas un viskozitates
(Rashed, Soltan, 2004).

Medus kimiskais sastavs ir sarezgits un liela
méra atkarigs no biSu baribas. Visbiezak bisu
bariba ir dabisks ziedu nektars, bet bites var tikt
barotas arT ar maksligam piedevam, pieméram, ar

veicinasanai
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cukura strupu, kas butiski ietekm@ medus kvalitati
(Rashed, Soltan, 2004). Kopuma medus var saturét
Iidz pat 200 sastavdalam (Silva, Videira et al.,
2009), no kuram galvenas ir monosaharidi — glikoze
un fruktoze — attiecigi 25-45% un 25-37%, vai
abas kopa — 65-75% no kopgja skistoSo cieto vielu
apjoma meda (Enrich, Boeykens et al., 2007). Talak
seko maltoze (2-12%), saharoze (0.5-3%) un citi
oglhidrati atkariba no ziedu botaniskas izcelsmes,
ka arT tdens (15-20%) (Enrich, Boeykens et al.,
2007; Ioannidou, Zachariadis et al., 2005). Turklat
medus satur olbaltumvielas, aminoskabes, fermentus,
hormonus, organiskas skabes, vitaminus, flavonoidus,
pigmentus, makroelementus, mikroelementus, ka art
ziedputeksnus un vaska dalinas (Ajtony, Bencs et al.,
2007; Golob, Dobersek et al., 2005).

Medus veidoSanas procesu, ko veic bites,
viennozimigi novertet ir loti sarezgiti. Zinot to, ka
bites mekl€ baribu, aplidojot aptuveni 7 km? lielu
platibu (Enrich, Boeykens et al., 2007; Ioannidou,
Zachariadis et al., 2005; Buldini, Cavalli et al., 2001),
nav iesp&jams nemt veéra visus faktorus, kas varétu
ietekm&t medus un arT citu bisu produktu kimisko
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sastavu. Tom@r geografisko Ipatnibu un vides faktoru
ietekme ir passaprotama un tiek veérteta ka batiska
daudzos pétfjumos. Tadgjadi medus analizu datus
var izmantot ka indikativus raditajus vides apstaklu
raksturo$anai noteikta teritorija, ka ari, zinot konkréta
medus parauga sastava Tpatnibas, var noteikt ta
izcelsmi, Istumu un autentiskumu.

Medus sarezgTta kimiska sastava dé| zinatniskaja
literatira atrodami dati par dazadu analizes metozu
pielietosanu un pielagosanu medus petjumiem.
Visparatzitas un plasi pielietotas ir fizikali ktmiskas
metodes, kas ietver pH un elektrovaditspéjas
noteikSanu,  aminoskabju  testus,  oglhidratu
profila noteikSanu un putekSnu olbaltumvielu
atpaziSanu (Pisani, Protano, Riccobono, 2008;
Downey, Hussey et al., 2005). Putek$nu analize
(melisopalinologija) ir vésturiska un tradicionala, gan
kvalitativa, gan kvantitativa analizes metode medus
botaniskas izcelsmes noteikSanai, tomér $is medus
analizes veids ir Joti komplicéts un darbietilpigs.
Melisopalinologija ietver ziedputek$nu skaitiSanas
procediiru, identificéSanu un interpretaciju, kas ir
sareZgits process un nav paveicams bez specifiskam
zina$anam un pieredzes (Chudzinska, Baralkiewicz,
2010; Fernandez-Torres, Pérez-Bernal et al., 2005).
Papildus ieprieks uzskaititajam metodem ka medus
botaniskas un geografiskas izcelsmes indikators
var tikt pielietota medus sastava eso$o kimisko
elementu izp€te ar instrumentalam kvantitativam
metodém. Galvenas instrumentalo metozu grupas,
kas piemérotas medus analizei, ir masspektrometrija
(Chudzinska, Baralkiewicz, 2010; Bogdanov,
Haldimann et al., 2007; Ioannidou, Zachariadis et
al., 2005; Rashed, Soltan, 2004) un spektroskopija
(Enrich, Boeykens et al., 2007; Fernandez-Torres,
Pérez-Bernal et al., 2005; Golob, Dobersek et al.,
2005), ka arT abu metozu apvienojums (Madejczyk,
Baralkiewicz, 2008; Pisani, Protano, Riccobono,
2008). Aprakstitas arT citas metodes, pieméram,
jonu hromatografija un voltamperometrija, kas tiek
izmantotas medus analizei ne tik plasa méroga, kaut
arT sniedz augstas kvalitates analitiskos rezultatus
(Buldini, Cavalli et al., 2001).

Ar analttisko metozu palidzibu var ne tikai petit
medus kimisko sastavu, bet arT noteikt medus tiribas
pakapi un Tstumu, kas var mainities, atSkaidot medu
ar Gdeni vai sirupu vai arl sajaucot kopa dazada
veida un izcelsmes medu. Tapat iesp&jams noteikt
piesarnojosas vielas, kuras var ietekm& medus
sastavu ievak3anas vai uzglabasanas laika. ST raksta
mérkis ir apkopot un novertét pieejamo zinatnisko
informaciju par mikro- un makroelementu saturu
Eiropas valstu medus paraugos.
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mikro- un
atkarigs no
pétniecibas nozares, pieméram, nemot veéra elementu
nozimi cilvéka fiziologija, tos var iedalit atkariba
no kvantitativas nepiecieSamibas  fiziologisko
procesu nodro$inaSanai: mikroelementu dienas
devas neparsniedz 100 mg, bet makroelementi ir
cilvekam nepiecieSami vairak neka 100 mg diena
(Fraga, 2005). Fiziologija un biologija elementus var
iedaltt arT p&c to koncentracijas apjoma organisma.
Geokimija un citas ar vides izpéti saistitas zinatnés
kimiskos elementus nosaciti var klasificét atkariba
no to koncentracijas p&tamaja objekta: vairak par
1 mg kg' — makroelementi; mazak par 1 mg kg!' —
mikroelementi (Pisani, Protano, Riccobono, 2008).

Veidojot So apskata rakstu par mikro- un
makroelementu saturu medi, elementu klasifikacijas
definéSanai nemta véra gan to nozimiba cilvéka
fiziologija, gan sastopamiba medd, tadgjadi
makroelementu grupa ieklauti Ca, Cu, Fe, K, Mg, Mn,
Na, P, S un Zn, bet visi pargjie elementi pieskaititi
mikroelementu grupai.

Kimisko elementu
makroelementos ir

iedalfjums
nosacits un

Analitiskas metodes mikro- un
makroelementu noteik§anai meda

Medus analize liela meéra ir
izaicinajums  analitiskas kimijas lietpratgjiem
medus komplicgta sastava dél, jo Tpasi attieciba uz
oglhidratu augsto saturu. Tadel pirms analitisko
merfjumu izpildes parasti nepiecieSams veikt medus
paraugu pirmapstradi, lai tiktu noardita organiska
matrica un metalu joni tiktu izdaliti no biologiskajiem
kompleksiem (Ioannidou, Zachariadis et al.,
2005). Tomer jebkura paraugu pirmapstrade prasa
$kidinataju izmantoSanu, tapec jaapsver iespgjamiba,
ka atSkaidiSanas rezultata niecigas mikroelementu
koncentracijas var samazinaties l1dz koncentracijai,
kura zemaka par analttiskas noteikSanas robezu, kura
savukart atkariga no izveletas analitiskas metodes.
Galvenas prasibas, kuras tiek izvirzitas analizes
tehnikam mikro- un makroelementu noteikSanai
medus paraugos, ir precizitate, jutigums, selektivitate
un augsta ticamibas pakape (Ajtony, Bencs et al.,
2007).

Visbiezak lietotas analitiskas metodes medus
analizei ir balstitas uz spektroskopijas metodém vai
masas spektrometrijas metodém, tadam ka induktivi
saistitas plazmas atomu emisijas spektrometrija (ICP-
AES), induktivi saistitas plazmas masspektrometrija
(ICP-MS), atomabsorbcijas spektrometrija (AAS),
pilnigas atstaroSanas rentgenfluorescences
spektrometrija (TX-RF). Metodes, kas balstas uz

kvantitativa
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atomu absorbciju, piemeram, atomabsorbcijas
spektrometrija (AAS), liesmas atomabsorbcijas
spektrometrija (F-AAS) un liesmas atomabsorbcijas
spektrometrija uz grafita virsmas (GF-AAS),
tieck plasi lietotas medus analizé (Madejczyk,
Baralkiewicz, 2008; Lachman, Kolihova et al., 2007;
Bratu, Georgescu, 2005). GF-AAS tiek raksturota
ka viena no visselektivakajam un precizakajam
metodém ar lielisku jutitbu un plasa elementu
spektra analizes iesp€jam (Ajtony, Bencs et al.,
2007). F-AAS ir viena no visbiezak izmantotajam
metodém metalu noteikSanai citas
organiskas matricas. Metodes priekSrocibas ir tas
salidzino$i zemas izmaksas un pietickami augstais
analitiskais sniegums. Svarigakais ierobezojosais
faktors dazadu metozu lieto$ana (pieméram, pilnigas
atstaroSanas rentgenfluorescences spektrometrija),
ir tas, ka nav iesp€jams panakt kimisko elementu
analitisko noteikSanu ppb Itment (Buldini, Cavalli
et al., 2001).

Probléma, kas apgriitina medus kvantitativo
analizi, ir cieSi saistita ar medu ka komplicétu
matricu attieciba uz jutigdm analizes metozu
tehniskajam ipatnibam, jo ipasi dé] augsta oglhidratu
satura paraugos. Medus paraugu sagatavosanai
instrumentalajai analizei ir piem@rotas vairakas
metodes. Organiskas matricas mineralizacija
pasarga gan no spektralas interferences, gan ari no
atlieku uzkrasanas méraparattiras kameras. Tomgér,
ka liecina eksperimenti, atomabsorbcijas linearais
diapazons nav pietiekami plass. Viens no veidiem,
ka parvarét griitibas, ko rada organiskas vielas
augsta koncentracija, ir medus paraugu $kidinasana
paskabinata videé (Chudzinska, Baralkiewicz, 2010;
Stankovska, Stafilov, Sajn, 2008). Tomér ir ari
pétijumi, kuros medus analizes ar ICP-AES veiktas
bez paraugu skidinasanas (Ioannidou, Zachariadis et
al.,2005). Aprakstita arTtada metode, kas lauj noteikt
galvenosmetalus (Fe, Cu,Ni, Zn, Pb,Cd, Co) matricas
ar augstu oglhidratu saturu un ar nelielam metalu
koncentracijam, kam japieméro vismazaka paraugu
pirmsapstrade. To var istenot, ja medus paraugus
oksidé ar UV fotolizes palidzibu un veic analizes
ar diferenciala pulsa katoda voltmetru (DPCSV)
(Buldini, Cavalli et al., 2001). Visvairak lictotas
metodes smago metalu noteikSanai meda, tadas
ka elektrotermala atomabsorbcijas spektrometrija
(ET-AAS) un induktivi saistitas plazmas atomu
emisijas spektrometrija (ICP-AES), parasti ietver
lidzigu pieeju paraugu sagatavoSanas procesam, ka,
pieméram, $kidinasana skabe, dietilditiokarbamata
kompleksu ekstrakcija metilizobutilketona vidé vai

medii  un
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Skidumu fermentacija. Lidz §im vispienemamaka
pieeja paraugu mineralizacijai ietver matricas
saskelSanu mikrovilpu iedarbiba. Tomeér
problémas var radit negaistoSu vielu atlikumi,
kas p&c paraugu apstrades var uzkraties iekartas
un ietekm&t analitiskos (Buldini,
Cavalli et al., 2001).

Medus analitiskas izp€tes ierobezojums ir arl
sertificétu standartu neesamiba, kuri nepiecieSami
analitisko meérfjumu precizitates un ticamibas
parbaudei. Tapéc medus kimiska analize ir
laikietilpigs process, jo jaizveido kalibracijas liknes
ar dazadam analiz€jamas vielas koncentracijam

rezultatus

(TIoannidou, Zachariadis et al., 2005). Tomér
literatira atrodams, ka analitisko kvalitati var
parbaudit, lietojot tadu sertificétu references

materialu ka kukuriizas (Zea mais) graudus (Pisani,
Protano, Riccobono, 2008).

Piemérotako analitisko metodi medus mikro-
un makroelementu identificéSanai un kvantitativai
analizei izv€las atkariba no analizes mérka un
elementiem, kurus iecerets raksturot, turklat janem
vera ari elementu noteikSanas robezas attiecigas
analitiskas metodes ietvaros. Ta, pieméram, italu
zinatnieki, kombingjot induktivi saistitas plazmas
optiskas emisijas spektrometriju (ICP-OES) un
induktivi saistitas plazmas masspektrometriju
(ICP-MS), medus paraugos noteikusi lidz pat
divdesmit tris elementiem (Pisani, Protano,
Riccobono, 2008), kas ir visplasakais
pétijuma ietvaros aprakstitais kimisko elementu
skaits péc pieejamo medus pé€tijumu datiem
Eiropa. Parasti medus p@tfjumi neaptver tik plasu
analiz€jamo elementu spektru. Makedonija medus
paraugos analizéti makroelementi Ca, K, Mg, Na
un Zn, izmantojot F-AAS, bet Cd, Cu, Fe un Mn
identificéti ar ET-AAS (Stankovska, Stafilov,
Sajn, 2008). P&tnieki no Slovénijas secindjusi, ka
TX-RF ir piemérota metode, lai medd noteiktu
vismaz 16 elementus (As, Br, Ca, Cl, Cr, Cu, Fe, K,
Mn, Ni, P, Pb, Rb, S, Sr, Ti) (Golob, Dobersek et al.,
2005). Savukart Lietuva veiktie p&tfjumi liecina, ka
retus mikroelementus (Ce, La, Rb, U) var noteikt,
izmantojot ICP-MS (Staniskiené¢, Matusevicius et
al., 2005, 2007). Japiebilst, ka nozimiga loma ir
analitisko datu apstrades metodém, kuras parasti
tiek pielietotas dazada veida datoriz&tas statistikas
programmas.

Saja raksta apkopota informacija par trisdesmit
diviem Kkimiskiem elementiem, kas identific&ti
vairaku Eiropas valstu dazados medus paraugos
(1.un 2.tabula).

viena
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Makroelementu saturs medua

Medus var saturét lidz 0.17% makroelementu
no ta masas, tomer Sis raditdjs ir mainigs un liela
mera atkarigs no medus veida un izcelsmes (Ajtony,
Bencs et al., 2007; Ioannidou, Zachariadis et al.,
2005; Buldini, Cavalli et al., 2001). Eiropas medus
paraugos identificti un kvantitativi noteikti desmit
makroelementi: Ca, Cu, Fe, K, Mg, Mn, Na, Zn, par
kuriem dati apkopoti 1. tabula, ka arT P un S.

Galvenie medi sastopamie makroelementi ir
kalijs, natrijs un kalcijs (Madejczyk, Baralkiewicz,
2008; Bogdanov, Haldimann et al., 2007). Kalija
apjoms svarstas no 7.70 mg kg! Polijas medus
paraugos lidz 5810 mg kg' Slovénijas
Savukart natrijs konstatéts no 0.38 mg kg Polijas
meda lidz pat 727.79 mg kg' medus paraugos
no Portugales. Kalcijs vari€, sakot no daudzuma,
kas mazaks par analitiskas noteik§anas robezu
(LOD kalcijam Seit — 0.01 mg kg') Polijas meda,
lidz 409 mg kg' Italijas medus paraugos. Natrija
koncentracija ir lidziga visiem medus paraugiem
neatkarigi no to botaniskas izcelsmes, bet Mg, Ca, Mn
un Zn koncentracijas dazadu veidu medus paraugos
ir atSkirigas (Chudzinska, Baralkiewicz, 2010; Silva,
Videira et al., 2009; Fernandez-Torres, Pérez-Bernal
et al., 2005).

Dzelzs koncentracija medi vari€ no niecigiem
daudzumiem Makedonijas un Sveices medii (0.03—
0.14 mg kg') lidz 70.40 mg kg' Slovénijas medi.
Mangana koncentracijas skaitliskas vertibas ir lidzigas
dzelzs apjomiem medai: no 0.08-0.13 mg kg! Italijas,
Griekijas, Slovénijas, Polijas, Spanijas un Sveices
medi lidz pat 82 mg kg' Makedonijas med.

No  makroelementiem  skaitliski ~ mazakos
daudzumos medt atrodams var§: no <0.05mgkg
Italijas meda lidz  15.5mgkg’  Slovénijas
medus paraugos. Var§ konstatéts arl medd no
Latvijas — 1.0-2.4mgkg".

P&c piecjamas zinatniskas literatliras datiem
fosfors medus paraugos kvantitativi noteikts tikai
divas valstis — Slovénija (70.30-398.00 mg kg™')
un Spanija (51.17-154.30 mg kg'), bet sérs -
tikai Slovénija (37.40-445.00 mg kg'). Lidz ar to
Sie dati ir informativi, jo nav iesp&ams objektivi
salidzinat dazadas izcelsmes jeb dazadu valstu medus
paraugus.

Acim redzams, ka kopuma makroelementu
kvantitates diapazons medd ir loti mainigs -
augstakas makroelementu koncentracijas noverotas
Slovénija, Makedonija un Italija, turpreti dazas
valstis, ka Lietuva, Sveicg, Irija, Cehija un ari Latvija,
makroelementu saturs medd ir salidzino$i zemaks.

medd.
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Daudzi autori norada, ka makroelementu saturs
butiski atSkiras gan dazadas botaniskas izcelsmes
medi (pieméram, rapSa ziedu medus, griku ziedu
medus u. tml.), gan nektara un medusrasas medi
(Chudzinska, Baralkiewicz, 2010; Golob, Dobersek
et al., 2005). Interesants ir fakts, ka tumsas krasas
medus ir bagataks ar makroelementiem neka balas
nokrasas medus (Madejczyk, Baralkiewicz, 2008;
Fernandez-Torres, Pérez-Bernal et al., 2005; Vorlova,

Celechovska, 2002).

Mikroelementu saturs medus paraugos

Mikroelementu analize ir pasi noderiga potenciali
toksisku elementu identificéSanai meds, tomeér
dazadas Eiropas valstis veikto medus pétijumu datu
salidzinasanu apgriitina nevienlidzigie kvantitativo
analizu apstakli. Vienpadsmit Eiropas
ieglitajos medus paraugos visbiezak analiz&ti Al,
As, B, Ba, Cd, Co, Cr, Ni, Pb un Sr, bet neviens
pétijums nav ietveris visu $o mikroelementu
analizi. Dati par mikroelementu minimalajam un
maksimalajam koncentracijam Eiropas valstu medus
paraugos apkopoti 2. tabula. Informacija par tiem
mikroelementiem, kuri analiz&ti tikai dazu atseviSku
valstu medus paraugos, t.i., par Br, Ce, Cl, Hg, La,
Rb, Sb, Se, Th, Ti, Tl un U, tabula nav iek]auta.

Galvenie potenciali toksiskie elementi un vides
piesarnojuma indikatori ir kadmijs un svins, tadg] Sie
elementi medu ir kvantitativi analiz&ti gandriz visos
apkopotajos pétijumos. Kadmija daudzums medi
vari€ no niecigas koncentracijas, kas zemaka par
analttiskas noteikSanas robezu, pieméram, Ungarija,
Polija, Lietuva, Sveicgun Cehija (<LOD-1.55 g kg'!,
kur LOD ir 1 pgkg?!), lidz pat 270 pg kg' un
305 ug kg attiecigi Makedonijas un Italijas medus
paraugos. Medus paraugos no Latvijas kadmijs atrasts
3-23 pg kg'. Savukart svins medi konstatéts, sakot
no vismazakajam koncentracijam Polija, Lietuva un
Sveicg (KLOD-3 pg kg, kur LOD ir 1 pg kg™), Iidz
pat 79.1 mg kg Slovénija (kas ievérojami parsniedz
pargjo valstu raditajus). Latvijas medus paraugos
svina daudzums ir vidgjs — 142-310 pg kg!. Buldini
ar kolégiem (2001) norada, ka ir valstis, kur sakara ar
smago metalu iesp&jamo toksisko iedarbibu uz vidi
un cilvéka veselibu noteikta Pb pielaujama norma
partika (1 mg kg!), tomér konkrétas valstis netiek
mingtas.

Eiropas Savieniba spéka esosie normativie akti
nosaka ierobezojumus smago metalu koncentracijam
dazados partikas produktos. Maksimali pielaujamie
smago metalu daudzuma limeni ir visai atSkirigi:
0.02-1.50 mg kg! dzivnieku valsts

valstis

svinam —
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izcelsmes partikas produktos un 0.05-0.30 mg kg
augu valsts izcelsmes partikas  produktos;
kadmijam — attiecigi 0.05-1.00 mg kg' un
0.05-0.20 mg kg'; dzivsudrabam tikai zivim un
zivsaimniecibas produktiem — 0.50-1.00 mg kg';
tikai attieciba uz konservétiem partikas
produktiem — 50-200 mg kg! (Komisijas Regula
(EK) 629/2008; Komisijas Regula (EK) 1881/2006).
Tomer Sajas regulas uzskaitito partikas produktu
sarakstos medus neietilpst. Paslaik Eiropas Savienibas
normativajos aktos, kas reglamenté medus kvalitates
noveértésanu, nav noteiktas smago metalu maksimali
pielaujamas koncentracijas, lai gan Latvijas medus
kvalitates novert€Sanas standartos pirms iestaSanas
Eiropas Savieniba daziem metaliem tas pastavéja
(Dimins, 2006).

Stroncija un barija augstakas koncentracijas
konstatétas medus paraugos no Italijas (Sr —
850.0-2010.0 ng kg, Ba — 218.0-2634.0 pg kg),
bet zemakas koncentracijas — Lietuva (Sr — 5.8—
713 pgkg', Ba — 19.5-240.9 pg kg'). Tada
potenciali toksiska elementa ka arséna saturs medus
paraugos vari€ plasa diapazona: no 2.8-20.2 ug kg
Italijas un Ungarijas medus paraugos lidz pat
1240-1490 pug kg! medd no Slovénijas. Kobalta
koncentracija salidzinosi nav tik atSkiriga: no 1.6—
56.6 pg kg' medus paraugos no Italijas lidz 10—
87 ug kg' Griekijas medd. Hroms meda atrasts no
<1.0-5.1 pg kg paraugos no Italijas, Polijas, Sveices
un Ungarijas lidz >100 pg kg' Slovénijas, Lietuvas
un Latvijas medd. Slovénija konstatéta augstaka
hroma koncentracija, un ta sasniedz 3.38 mg kg
ArT augstakais nikela saturs medii noteikts paraugiem
no Sloveénijas — 12.7 mg kg''; salidzinosi citas valstis
nikela saturs medu atrasts vidéji tikai 60-1500 pg kg™
A1T Latvija medus paraugos analiz&ts nikela saturs,
un tas ir 90-1160 pg kg'.

Vairakus mikroelementus, proti, Br, Ce, Cl, Hg,
La, Rb, Sb, Se, Th, Ti, Tl un U, medu kvantitativi
analiz&jusas tikai Cetras Eiropas valstis — Italija,
Slovénija, Cehija un Lietuva. Medus paraugos
no Italijas atrasts antimons, tallijs, torijs un urans
attiecigi $adas koncentracijas: Sb — 1.2-3.3 ug kg,
T1-<0.2-5.12 pg kg!, Th—0.13-2.95 pg kg'un U—
4.53-14.80 pg kg''. Italijas medus paraugos noteikts
ari cilvéka fiziologiskiem procesiem bitiskais
elements seléns — <2.0-17.3 pg kg!' (Pisani, Protano,
Riccobono, 2008). Savukart urans medus paraugos no
Lietuvas kvantitativi noteikts daudz mazaka apjoma
neka paraugos no Italijas (0.8-8.0 ng kg!). Lietuva
medi atrasts ari Ce (3.9-31.9 ng kg'), La (1.8-
16.0 ng kg') un Rb (193-2447 ng kg') (Staniskiené,

alvai
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Matusevicius et al., 2005, 2007). Cehijé analizéts
dzivsudraba saturs medii (1.05-1.9 pg kg') (Vorlova,
Celechovska, 2002), bet Slovénija medii atrasts Br
(0.31-1.66 mg kg'), CI (3.97-558.00 mg kg'), Rb
(0.04-34.80 mg kg') un Ti (0.23-4.97 mg kg)
(Golob, Dobersek et al., 2005).

Kopuma augstakas mikroelementu koncentracijas
medi konstattas paraugos no Sloveénijas un Italijas,
bet zemakas — paraugos no Lietuvas.

Vides faktoru ietekme uz medus sastavu

Ka jau minéts, medus kimiskais sastavs nav
pastavigs un vienads dazados regionos, jo to
ietekmé tadi faktori ka botaniska izcelsme un
geografiska izcelsme ar vietai un laikam raksturigam
klimata ipatnibam (Conti, Stripeikis et al., 2007).
Novertéjot iespéjamas medu piesarnojosas vielas,
batiski ir nemt véra aspektu, ka medus ir biologisks
produkts, ko galvenokart pateéré bez jebkadas
priekSapstrades. Ta ka biSu produkti ir nosacits
gala posms bioakumulacijas kédé, medus kimiska
analize sniedz noderigu informaciju par vides
kvalitati teritorija, kura bites ievac baribu, t.i.,
apméram 3—4 km radiusa ap biSu stropu atrasanas
vietu (Pisani, Protano, Riccobono, 2008; Buldini,
Cavalli et al., 2001), ka arT lauj izvertet iesp&jamo
medus piesarpojumu, ja ir zinami attiecigajam
medus izcelsmes apvidum raksturigie vides apstakli.
Tadgjadi teorétiski vides ietekme uz medus sastavu
var tikt novertéta saméra precizi. Tomér problému
rada nenoteiktiba attieciba uz ietekmes zonas precizu
robezu identificéSanu un apmeru, kada medus var tikt
paklauts argjo faktoru iedarbibai. Vertgjot visparigi,
medii esoSo mikroelementu spektra un apjoma
galvenais avots ir antropog€nais piesarnojums, bet
makroelementu sastavs liela méra ir atkarigs no
medus izcelsmes apvidus geologiskas specifikas
(Chudzinska, Baralkiewicz, 2010; Stankovska,
Stafilov, Sajn, 2008). Tapéc daudzi autori ierosina
medu izmantot vides monitoringa, lai novértétu
mikroelementu mainibu vidé (Pisani, Protano,
Riccobono, 2008; Golob, Dobersek et al., 2005), vai
par vides kvalitates markieri piesarnojuma atklasanai
(Ajtony, Bencs et al., 2007; Conti, Stripeikis et al.,
2007).

Pb, Cd, it 1pasi Zn, ka arT Cu, Cr un Ni ir
zinami ka potenciali gaisu un augsni piesarnojosi
elementi, galvenokart antropogénas
Galvenie kimiskie elementi, Kkas
iespgjamu vides piesarpojumu ir smagie metali:
As, Cd, Cr un Pb. Kadmija un svina klatbiitne
medus paraugos liecina par iesp&jamu antropogeno

izcelsmes.
norada uz
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4[ Piesarnojums / Pollution ]7

[Udens/Water] [ Augsne / Soil J [ Gaiss / Air Ji

|

Augi / Plants

e

Bites /
Bees

Nectar, pollen

V
[ Nektars, puteksni / ’

lespg&jama
kontaminacija, medu
ievacot un uzglabajot /
Possible contamination of
honey during collecting
and storage

1. att. Shematisks parskats par piesarnojuma celiem, kas var ietekmé&t medus sastavu.
Fig. 1. Schematic overview of the pathways of pollution which can influence honey composition.

piesarnojumu biSu barosanas areala (Bogdanov,
Haldimann et al., 2007).

Piesarnojums meda var nonakt ar ziedu nektaru
un ziedputeks$piem,
savienojumus no augsnes, Udens un gaisa, augu
fiziologiskas attistibas laika, ka arl piesarnojumu
var ienest bites no augiem, Gdens un ar gaisa
esosajiem putekliem (1. att.), kas izskaidrojams ar
$o kukainu anatomisko uzbiivi (bites kermenis klats
smalkiem matiniem, kuros viegli ickeras ne tikai
ziedputeksni, bet arT piesarnojoso vielu mikrodalinas).
Attieciba uz Fe un Cr ir iespgjams, ka Sie elementi
galaprodukta — medid — nonak tie$i no gaisa vai
ar biSu palidzibu mehaniska veida, nevis caur
nektaru un medusrasu. Pb un ar1 Cr ir galvenie gaisu
piesarnojosie kimiskie elementi, kas tiesa cela var
nonakt nektara, medusrasa vai medd (Bogdanov,
Haldimann et al, 2007). Medus piesarnosana
iespgjama ar1 ta ievakSanas, prickSapstrades un

augiem uzpemot Kkimiskos

uzglabasanas laika, ja tiek izmantoti nepieméroti
trauki un darbariki. Sakara ar medus skabo
reakciju, tam saskaroties ar metala instrumentiem
un traukiem, medd var noklit potenciali toksiski
elementi, pieméram, Cr, Pb un Zn (Pisani, Protano,
Riccobono, 2008). So apgalvojumu pierada lietuviesu
petnieku dati, kas atklaj, ka piesarnosanas dé] medus
uzglabasanas laika toksisku elementu koncentracijas
var ievErojami picaugt. Medus parauga, kas tika
uzglabats saskaré ar cinka sakaus€jumu, konstatgja
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18 reizes lielaku Zn koncentraciju, 4.4 reizes
lielaku Pb koncentraciju un 2.6 reizes lielaku
Cd koncentraciju neka citos medus paraugos
(Juodisius, Simonéliené, 2009). Tade] medus
vakSanai un uzglabaSanai loti svarigi ir izmantot
piem@rotus instrumentus un traukus. Jaizvairds no
medus saskares ar prickSmetiem, kas satur metalu
vai metalu sakaus€jumu detalas, jo tas var nopietni
ietekmét medus kvalitati (Juodisius, Simonéliené,
2009; Stankovska, Stafilov, Sajn, 2008).

P&c pieejamas zinatniskas literatiiras analizes var
secinat, ka datu interpretacija liela méra ir atkariga no
izmantotas statistikas metodes. Ka norada zinatnieki
no Sveices, bezparametru Kruskala-Volisa (Kruskal-
Wallis) tests starp medus paraugiem ar dazadu
geografisko izcelsmi atspogulo butiskas atSkiribas
vienigi attieciba uz Crun Fe saturu, ja mérkis ir medus
kimisko elementu izp@te. Augstakas Cr vertibas
Sveice tika konstatétas medus paraugos no pilsétu
teritorijam (0.01 mg kg'), bet ievérojami zemakas
vertibas novéroja medus paraugos no ciematu
teritorijam (0.006 mg kg™'). Hroma daudzums meda
no lauku apvidiem un kalnu regioniem Sveicé bija
vél mazaks — vidgji 0.004 mg kg'. Attieciba uz
dzelzi viszemaka ta koncentracija tika atrasta medus
paraugos no Sveices kalnu apvidiem (0.73 mg kg™),
tam sekoja paraugi no lauku rajoniem (1.34 mg kg™'),
pilsétu teritorijam (1.70 mg kg™') un ciemu teritorijam
(1.80 mg kg'). Toties ar Manna-Vitnija (Mann-
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Whitney) testu tika atklatas izteiktas atSkiribas starp
medus paraugiem no Sveices kalnu apgabaliem un
medu no pilsétam vai ciematu apkartném, ka ari
starp medus paraugiem no lauku apvidiem un medu
no ciematiem (Bogdanov, Haldimann et al., 2007).
Pirsona (Pearson) tests, kas veikts Spanijas medus
paraugiem, atklaj tieSu korelaciju starp Fe-Zn un
Fe-Pb saturu un starp Zn-Cd un Cd-Pb saturu medi
(Frias, Rubio et al., 2008).

Kopuma var secinat, ka hroma koncentracija
galvenokart atkariga no geografiskiem un vides
faktoriem vai pat klimatiskiem apstakliem, kamér
dzelzs saturs ir loti atSkirigs dazadas geografiskas
izcelsmes medus paraugos. Pie tam dzelzs ir nozimigs
makroelements, lai diferencétu dazadas botaniskas
izcelsmes medus paraugus (Bogdanov, Haldimann et
al., 2007).

Lai gan ir pétnieki (Bogdanov, Haldimann et al.
2007; Frias, Rubio et al., 2008), kas atzimé, ka Pb
un Cd koncentracijas nav tiesi atkarigas no medus
geografiskas izcelsmes, tomér polu, lietuviesu, ungaru
un rumanu medus pétijumu rezultati (Chudzinska,
Baralkiewicz, 2010; Juodisius, Simonéliene, 2009;
Ajtony, Bencs et al., 2007; Bratu, Georgescu, 2005)
liecina, ka augstu smago metalu (Pb, Cd, Cr, Ni,
Zn) saturu medd var izraisit biSu stropu tuvuma
eso$as automagistrales vai riipniecibas zonas, ka ari
akmenoglu un malkas degSanas procesa raditie izmesi
vai piesarnojumu avotu veidotas makonu dispersijas.
ArT retie elementi (Ce, La, Sr, Ba) liclakos apjomos
atrasti medus paraugos no teritorijam, kuras paklautas
vides piesarnojumam (Staniskiené, Matusevicius et
al., 2005, 2007).

Sveices zinatnieki, salidzinot 20 gadu laika
ieglitu medus analizu rezultatus, atklajusi, ka
jaunakais pétijums liecina par samazinatu Pb
un Cd koncentraciju (attiecigi 0.041 mg kg! un
0.003 mg kg') medi, bet senaka pétijuma vertibas ir
daudzlielakas: Pb—0.17 mg kg', Cd—0.007 mg kg
Zinatnieki to izskaidro ar automobilu dzingju
katalizatoru izmantosanu p&déjo 10 gadu laika, ka
arT ar striktajiem Cd utilizacijas un izmantoSanas
ierobezojumiem Sveices riipnieciba (Bogdanov,
Haldimann et al., 2007).

Makroelementi Fe un Mn atrodami dabisko
augsnes mineralusastava, tadéjadino augsnesuniidens
tie nonak augos, bet ar nektaru un ziedputeks$niem —
medi. Tom@r visvairak elementu saturu medi ietekme
botaniskie faktori, tapeéc dazu kimisko elementu
kvantitativa noteikSana var tikt izmantota medus
botaniskas izcelsmes identific€Sanai (Madejczyk,
Baralkiewicz, 2008; Bogdanov, Haldimann et al.,
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2007). Iespgjams, ka medus kimisko sastavu ietekme
ari kadas geologiskas un geokimiskas iezimes, jo ipasi
attieciba uz Ca, Na un Mn saturu (Pisani, Protano,
Riccobono, 2008), tomér, lai to viennozimigi varétu
apgalvot, nepieciesami papildu p&tijumi.

Nemot véra Rb koncentraciju medd, plavu
izcelsmes medu var nodalit no meza izcelsmes medus:
paraugos, kas ievakti mezaina apvidd, Rb saturs
ir 4—12 reizes lielaks neka pargjos medus paraugos
(Staniskiené, Matusevicius et al., 2005, 2007).
Medus paraugi no meziem klatiem regioniem satur
arT vairak K, Ca, Mg un Mn (Stankovska, Stafilov,
Sajn, 2008).

Attieciba uz geologiskiem faktoriem, kuri var
ietekm@ medus sastavu, Makedonijas zinatnieki
apraksta sakaribu, kas pastav starp elementu sastavu
medi un litologisko fonu. Makedonijas litologiskaja
karté tiek nodaliti vairaki apvidi, kam raksturigas
elementu grupas: (1) apvidi, kurus maz skarusi
antropogéna darbiba un kuru augsne satur Mg, Mn,
Ca un K ar raksturigu augstu korelacijas koeficientu
starp elementiem; (2) apvidi, kuruaugsné noveérojamas
augstas Ca, K un Na koncentracijas; (3) apvidi ar
augstu augsnes Cd saturu un zemu Cu saturu,_ko
galvenokart ietekmé antropogéna darbiba. Augstais
Cd saturs tiek saistits ar geologiskajam ipatniba Pb
un Zn raktuvju tuvuma. Tadgjadi identific€tas divas
dabiskas (Mg, Mn, Ca, K un Fe, Zn, Ca, K, Na) un
viena antropogéna (Cd un Cu) geokimisko saiknu
elementu grupas, ka ar noteikta geologisko faktoru
ietekme uz medus kimisko sastavu (Stankovska,
Stafilov, gajn, 2008).

Reti sastopamo mikroelementu, pieméram, tallija,
torija, urana, crija vai lantana, klatbitne meda
visdrizak liecina par vietai specifiski raksturigam
geologiskam  Tpatnibam. Augstakas tallija
koncentracijas konstatétas meddi no apgabaliem,
kuros ir vairak karbonatisko aug$nu atsegumu un
vulkanisko iezu. Augsts Pb, Ba un Cd saturs noverots
medi no noteikta Italijas apvidus, ko var izskaidrot
ar hidrotermalajam aktivitatém $aja regiona. Meda
novérota Th/U attieciba visticamak atspogulo
at8kirigu 8o elementu geokimisko mobilitati uz Zemes
virsmas, kas savukart ietekm& to biopieejamibu
(Pisani, Protano, Riccobono, 2008).

Niecigos daudzumos radioaktivie mikroelementi
atspogulo vidé pastavoso dabisko geologisko
radioaktivitati, bet piesardzibas noliikos biitu janem
veéra koncentraciju paaugstinaSanas vai straujas
koncentraciju izmainas. Italijas p&tnieki, analizgjot
medi konstateto radioaktivo elementu torija un urana
attiecibu (Th/U), konstatgjusi tas kraso atskirtbu no
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3. tabula / Table 3

Makroelementu ieteicamas devas un medus nozime diennakts makroelementu bilance
Dietary reference intakes for macroelements, and honey contribution in daily macroelement balance

Medus nozime diennakts

Makro- Ieteicama deva uztura, mg diena / h i
elements Dietary reference intake, mg per day makroelementu' bllgnce
/ Macro- '/ Hopey contribution
element PVO /WHO ASV/US. in daily macroelement

[30] [24, 32] balance
Ca 1000 1000 3%
Cu n.n. 0.9 54%
Fe 9.1-27.4* 3 /19.6-58.8* Q 83/189 40% 3/ 18% Q
K n.n. 4700 9%
Mg 260 &'/220 Q 400420 &' /310-320 Q 3% 3 /4% Q
Mn n.n. 233/1892 140% 3/ 179% Q
Na n.n. 1500 2%
Zn 4.2-14.0* $/3.0-9.8 9 113/8¢9 18% &' /25%

ES

& — virieSiem / for men; @ — sievietém / for women

parasti noveérotas Th/U koncentraciju attiecibas iezos
un augsné, kas parasti ir 4/1. Tas tiek skaidrots ar
atSkirigo So elementu mobilitati vides sistémas. Urans
ir mobilaks Zemes virsmas vidés, tai skaita biosfera,
kur urans viegli oksid€jas, parejot mobila forma,
kada ir uranila jons (UO,*"). Tikm@r torijs ir praktiski
inerts, ar zemu $kidibu un biopieejamibu. Ta rezultata
rodas apgriezta Th/U attieciba, ko pierada elementu
kvantitativie lielumi medus paraugos (Pisani, Protano,
Riccobono, 2008).

Kopuma var vertét, ka zemakas elementu
koncentracijas medli noverotas tajas valstts, kur
ripnieciba nav domingjosa tautsaimniecibas nozare,
pieméram, Irija, Sveicg, Lietuva.

Medus nozime cilvéka ikdienas mikro- un
makroelementu uztura bilanceé

Apméram piecdesmit no visiem zinamajiem
kimiskajiem elementiem tiek atrasti izmé&ramas
koncentracijas dzivajas sistémas. Cilvéku un citu
ziditaju organisma izpétita 23 elementu fiziologiska
aktivitate (biologisko sistému pamatelementi H,
C, N un O, ka arT mikro- un makroelementi Co,
Cr, Cu, F, Fe, I, Mn, Mo, Se, V, Zn, Ca, Cl, K, Na,
Mg, P, S un Si), lidz ar to noteikts, ka Sie elementi
cilvéka veselibai ir primari nepiecieSami un parasti
profilaktiskas devas tiek uznemti ar sabalansétu uzturu
(Fraga, 2005). Cilvéka organisma funkciongSanai
primari nepiecieSamie makro- un mikroelementi
ir tadas kimiskas pamatvielas, kuru loma uztura
ir neaizvietojama, lai tiktu nodro§inatas normalas
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— atkariba no biopieejamibas / depending on bioavailability; n.n. — nav noteikts / not specified;

organisma fiziologiskas funkcijas. Attieciba uz
mikro- un makroelementiem var izvirzit divéjadas
kritiskas robezas: (1) ja elementu uznemsana notiek
parak liela apmera — iesp&jama akiita vai hroniska
toksiska ietekme, (2) ja elementu uznemsana notiek
parak maza apjoma — iesp&jams elementu deficits jeb
nepietickamiba (Goldhaber, 2003).

Medus satur praktiski visus cilvéka veselibai
nozimigos kimiskos mikro- un makroelementus. Lai
arT medu nevar uzskatit par atsevisku pilnvertigu
partikas produktu cilvéku uztura standartu ietvaros,
tam ir biitiska loma ka ikdienas uztura papildinatajam
(Silva, Videira et al., 2009; Stankovska, Stafilov,
Sajn, 2008). Tomér kimisko elementu saturs medi ir
mainigs atkariba no dazadiem faktoriem, tapec medus
ieguldijumu cilvéka veseliba var panakt, uznemot
diezgan lielas medus devas, pieméram, 50-80 g
jeb 3-5 &damkarotes viena &dienreizé (Bogdanov,
Jurendic et al., 2008).

Pasaules Veselibas organizacija un citas
pétniecibas iestades, pieméram, ASV Nacionalas
Zinatnu akadémijas Medicinas institiits, balstoties
uz klmisko pétijumu datiem, izstradajusas primari
nepieciesamo mikro- un makroelementu pielaujamas
un ieteicamas ikdienas devas, kas tiek izmantotas
partikas riska noveértéjuma. Galveno makroelementu
ieteicamas ikdienas devas uztura apkopotas 3. tabula.
Medus nozime diennakts makroelementu bilance
aprékinata, nemot veéra katra elementa maksimalo
kvantitativi noteikto vidgjo skaitlisko vertibu un
vidgjo ieteicamo devu uztura, ka ari piepemot, ka
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ikdienas uztura cilveks lieto 3 &damkarotes medus
katra no tris galvenajam &dienreizém. legttie dati
liecina, ka attieciba uz daziem elementiem (Mn, Cu,
Fe, Zn) medus makroelementu veértibai ir ievérojama
nozime, turklat janem veéra, ka sabalanséta uztura
gadijuma §ie pasi elementi tieck uznemti arf ar citiem
partikas produktiem. Ta ka aprekini veikti, izmantojot
maksimalas konstatétas elementu koncentracijas
medus paraugos dazadas Eiropas valstis, tad maz
ticama ir varbutiba, ka, ikdienas uztura regulari lietojot
medu, varStu rasties makroelementu pardozésana.

Attieciba uz  mikroelementiem, ieteicama
dienas deva no medd atrodamajiem fiziologiski
nozimigajiem elementiem, hromam
35/25 pg diena (virieSiem/sievietém), un selénam —
55 pg diena (Whiting, Barabash, 2006; Reports of
Dietary ..., 1997-2004). Medus paraugos konstatétas
hroma koncentracijas vari¢ plasa amplitida. Medus,
kura izcelsme ir industriali ietekm@tas teritorijas,
var saturét hromu lielaka apjoma neka cilvékam
ieteicama dienas deva, ka arT hroms var biit dazadas
oksidésanas pakapées, kas ietekmé ta biopieejamibu
un iespg&jamo toksisko iedarbibu. Seléna saturs
noteikts tikai vienas valsts medus paraugos, un
skaitliskas vertibas liecina par §1 elementa niecigo
apjomu medd. Tadiem elementiem ka As, B, Ni un
V, kuru loma cilvéka fiziologija nav viennozimigi
pieradita, ieteicamas dienas devas nav noteiktas.
Medus paraugos Sie elementi nav atrasti tik lielas
koncentracijas, lai rastos aizdomas par to potencialo
toksisko iedarbibu, ko var€tu izraisit regulars medus
patérins uztura.

Vairakiem mikroelementiem (Ba, Cd, Cr, Pb, Sb,
Sr, U), kuru toksiska ietekme uz dziviem organismiem
ir pieradita kltniskos p&tijumos, ir noteikti augstakie
piclaujamie Iimeni vai references devas, ja tie perorali
tiek uzpemti ilgstosi (U.S. EPA IRIS).

Attieciba uz potenciali
mikroelementiem Eiropa medum nekadi ierobezojosie
lielumi nav ieviesti. Tomér, ka redzams p&c p&tijumu
datiem, dazu mikroelementu (Pb, Cd un Cr)
piclaujamie ITmeni medd bitu janosaka patérétaju
drosibas labad.

ir noteikta

toksiskiem

Secinajumi

1. Mikro- un makroeclementu saturs medi varié
plasa diapazona atkariba ne tikai no medus
botaniskas izcelsmes, bet ari no vides faktoru
ietekmes.  Antropogénas darbibas
medus piesarposanos ar potenciali toksiskiem
elementiem (pieméram, Pb, Cd, Cr, Zn).
Makroelementu (pieméram, K, Na, Mn, Mg)

veicina
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saturu medd liela meéra ietekm& apvidus
geologiskas patnibas, bet valstis ar mazattistitu
ripniecibas sferu lidz ar mazaku mikroelementu
apjomu arT makroelementu koncentracija medi
ir zemaka.

2. Retu mikroelementu klatbtitne medi var sniegt
informaciju par videi specifiskam 1pasibam vai
medus izcelsmi, pieméram, Rb paaugstinatas
koncentracijas novérotas medil no mezainiem
apvidiem, bet radioaktivie elementi liecina par
vietas specifiskam geologiska fona Tpatnibam.

3. Lai viennozimigi varétu spriest par vides faktoru
ietekmi uz medus kimisko sastavu, vairak
nepieciesams tadu petfjumu, kuros precizi tiktu
salidzinats elementu sastavs apvidi (augsn€ un/
vai vegetacija), kur medus ievakts, ar elementu
sastavu pasa galaprodukta — medd —, analizei
izmantojot metodes ar lidzvertigiem analitiskas
noteikSanas sliekSniem.

4. Medum uztura bilances ietvaros ir nozimiga
loma ka dabiskam ikdienas uztura papildinatajam
attieciba uz makroelementu nodrosinajumu tad,
ja tas uztura tiek lietots regulari un ir iegiits
ekologiski nepiesarnotos apvidos.

5. Paterétaju droSibas nolikos biitu jakontrole
potenciali toksisko (Pb, Cd, Cr) elementu
klatbuitne un koncentracija meda.
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Spontano rudzu maizes ieraugu kimisko un mikrobiologisko raditaju
izmainas fermentacijas laika
Changes in the Chemical and Microbiological Properties of Spontaneous
Rye Sourdough during Fermentation

Emils Kozlinskis, Liga Skudra, Tatjana Rak¢ejeva, Daiga Kunkulberga
LLU Partikas tehnologijas katedra
Department of Food technology, LLU
e-mail: Emils.Kozlinskis@gmail.com

Abstract. In traditional rye bread baking in Latvia, a spontaneous sourdough starter is used which microflora
is determined in flour and in microorganism cultures in the external environment. The aim of this research
was to analyze the chemical and microbiological parameters of spontaneous sourdough starters that were
prepared using two types of flour — 100% medium extraction (ash content — 1.45%) rye flour (starter U),
and 80% medium extraction rye flour with addition of 20% of biological enzyme-rich rye flour (starter M).
Total titratable acidity (TTA) and pH were measured in each preparation step. Organic acids and reduced
sugars were determined using HPLC (Agilent 1100). Amino acids as well as vitamins E, B1, B2, and B5
were determined in all samples. DNA was extracted directly from starter samples or from washed cells
plated on MRS media. Microbial diversity of lactic acid bacteria (LAB) species was investigated using
amplified V3 regions of 16S rDNA gene from the sourdough DNA. Denaturing gradient gel electrophoresis
(DGGE) was used for community fingerprinting. Both sourdough starters (U and M) showed acceptable final
pH and TTA values after a 48-hour fermentation (pH 4.05 and 4.11, and TTA — 13 and 12.6 respectively)
representing active metabolism of LAB, and contained acceptable amounts of lactic acid bacteria — 7.24 and
7.62 logl10 CFU g respectively. Both spontaneous starter samples contained biologically active compounds
which benefit the technological process of rye bread making. This is the first study to gain insight into the
microflora of a spontaneous starter made in Latvian bread industry by using genetic methods.

Key words: spontaneous rye sourdough, fermentation, lactic acid bacteria.

Ievads

Pedgjo gadu desmitu laika daudzas Eiropas
valstls pastiprinajusies interese par maizi, kas
gatavota ar ieraugu (Spicher, Stephan, 1999).
Aizvien vairak patérétaju dod priekSroku veseligai
maizei ar aromatisku garsu, labu struktiiru un ilgu
glabasanas laiku bez konservantiem. Palielinas
arl pieprasijums péc ekologiski tiras partikas,
biologiskas saimniecibas audz&tiem graudaugiem un
no tiem razotas maizes. Jaatzime, ka paterétaji uztura
vairak izvélas maizi, kuras razoSanas tehnologiskaja
procesa tiek lietots ieraugs, kas uzlabo maizes
kvalitati un garSas 1pasibas (Hui, Meunier-Goddik
et al., 2004).

Maizes  gatavoSanas  procesa  notickosa
fermentacija, proti, miklas riigSana, atSkiras no citu
partikas produktu fermentacijam — tas mérkis nav
paildzinat izejmaterialu uzglabasanas laiku (ka,
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piem@ram, produktu skabgjot), bet parverst graudaugu
produktus funkcionalakas un vieglak izmantojamas
formas.

leraugs ir miltu un udens maisfjums, kura
pienskabo riigsanu izraisa pienskabes bakterijas (PB).
lerauga sastava ir arT raugi, kuri ir nozimigi miklas
raudz&Sanas kapacitates nodroSinasanai. Lai gan
oficiala ierauga definicija neeksistg, ta noteikti ieklauj
visdazadako veidu ieraugu produktus ar dzivam PB.
P&c literatira publicétiem datiem (Loenner, Preve,
1988), ierauga sastava jabit 5-10° kvv g metaboliski
aktivu PB grama, un ta pH jabtit mazakam par 4.5.

Vairums kvieSu un rudzu maizes gatavoSana
izmantoto ieraugu V&l joprojam tiek gatavoti,
izmantojotnobriedusaierauga porciju (matesieraugu),
tacu pastav tendence izmantot definétas PB un raugu
tirkultliru asociacijas ar specifisku fermentacijas
modeli vai sp&ju razot antimikrobialus savienojumus.
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pieejamam, art §1 tendence kluva izteiktaka.

Rudzu maizes razos$ana, lai uzsaktu fermentaciju,
ceptuves izmanto gan paSu adaptStos ieraugus,
gan pievieno komercialas PB un raugu tirkultiiru
asociacijas. Vairums Vacijas un Danijas ceptuvju
miklai regulari pievieno komercialo ieraugu ar
adaptetu mikrofloru, kas izdalita no spontanajiem
ieraugiem. Komercialie
“Sanfrancisco sour” kvieSu maizes gatavoSanai un
“Bocker-Reinzucht-Sauer” rudzu maizes gatavosanai
(Hui, Meunier-Goddik et al., 2004).

Noturigs un mikrobiologiski stabils ieraugs ir
pamats augstas kvalitates maizes razosanai. lerauga
fermentacijas kapacitati nosaka ta mikroflora (PB
un raugi), miltu tips (kvieSu/rudzu, miltu izmaluma
pakape, enzimu aktivitate), miltu/Gdens attieciba
(miklas iznakums) un tehnologiska procesa parametri.
Pie pedgjiem pieskaitami temperatiira, sakotngjais pH,
pievienota spontana ierauga apjoms, ,,mates ierauga”
vai tirkultiiru asociacijas apjoms, fermentacijas laiks
un razoSanas veids (cepiens/nepartraukts). Visiem
minétajiem procesa parametriem jabiit kontrol&tiem
(Hui, Meunier-Goddik et al., 2004).

leraugs tiek raksturots péc kimiskajiem
parametriem (titréjama skabuma, pienskabes un
etikskabes satura), ka arT péc tadiem mikrobialajiem
parametriem ka PB un raugu sugu kvalitativie un
kvantitativie raditaji (Hui, Meunier-Goddik et al.,
2004).

Vairuma nobriedusu rudzu un kvieSu ieraugu
beigu pH ir 3.5-3.8 (Lund, Hansen, Lewis, 1989).
Dazadu ieraugu pH raditaji varié un atskiras mazak
neka titr§jama skabuma vertibas. Titr&jamais
skabums un pH ierauga atkarigs no fermentacijas
temperatiiras, miltu izmaluma pakapes, ka arT no
tidens un miltu attiecibas. Rudzu ieraugi parasti
tiek gatavoti no augstakas maluma pakapes miltiem
neka kviesu ieraugi, un titréjama skabuma vertibas ir
robezas no 15 lidz 26 (Spicher, Stephan, 1999).

Pienskabes un etikskabes saturs
loti svarigs maizes specifiskds garSas un aromata
nodros§inasanai (Hansen, Lund, Lewis, 1989).
Ierauga skabju attiecibas raksturoSanai Vacijas
petnieki izmanto molaro attiecibu starp pienskabi
un etikskabi — fermentacijas koeficientu (FK). Lai
ieglitu maizi ar sabalansétam garSas Tpasibam, FK
skaitliskajai vértibai ierauga vajadzétu but 4. Ja
etikskabe netiek razota pietickama daudzuma, FK ir
parak augsts un produkta garsa ir neizteikta. Savukart
zema FK gadijuma (parak daudz etikskabes) maizes
garSa ir parak izteikta un skaba (Spicher, Stephan,

ieraugi ir, piem&ram,

ierauga ir
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1999). Tomer etikskabei, salidzinot ar pienskabi,
piemit lielaks antimikrobialais efekts pret pelg§jumu
un aerobo endosporu veidojoso Bacillu subtilis, kura
izraisa maizes mikrobialo bojasanos.

No visam fermentéto partikas produktu
sistémam tiesi ierauga fermentacija visnozimigakas
ir heterofermentativas PB.
sanfranciscensis ir domingjosa suga gan rudzu,
gan kvieSu ieraugos. Arl L. brevis un L. plantarum
biezi tiek konstatétas Krievijas, Vacijas, Austrijas
un Zviedrijas ieraugos. Savukart Vacijas, Austrijas,
Somijas, Zviedrijas, Danijas un Krievijas rudzu
maizes ieraugos atrastas arl homofermentativas
PB sugas — L. acidophilus, L. alimentarius, L.
delbrueckii, L. farciminis, L. leichmanii, L. mindensis,
un heterofermentativas — L. casei, L. rhamnosus, L.

Lactobacillus

buchnerii, L. cellobiosus, L. curvatus, L. fructivorans,
L. fermentum, L. viridensis, ka arT nesen atklatas L.
panisun L. frumenti. Vacijas ieraugos ciesa asociacija
ar L. sanfranciscensis atrodama arT nesen atklata L.
PpOontis.

Mazaka Lactobacillus gints daudzveidibanovérota
kviesu ieraugos, kur identificétas L. alimentarius, L.
casei, L. cellobiousus, L. curvatus, L. delbrueckii, L.
farciminis, L. fermentum, L. lactis un nesen atrasta
ar1 L. paralimentarius. Turklat no kvieSu ieraugiem
izolétas armT homofermentativas Pediococcus un
Weisella, ka ari heterofermentativas Leuconostoc
gints bakterijas.

Ierauga mikroflora ir atkariga no fermentacijas
apstakliem — miltu tipa, maluma pakapes, Gdens
attiecibas, fermentacijas temperatiiras, fermentacijas
laika un ierauga atjaunoSanas tehnologijas. Vairums
ieraugu tiek fermenteti 30 °C temperatira, bet
L. delbrueckii tiek izoléts no rudzu ierauga, kas
fermentéts 50 °C temperatira (Spicher, Lonner,
1985). W.P. Hammes, P. Stolz un M.G. Ganzle
(1996) atklajusi, ka domingjosas PB sugas biezos
ieraugos ar fermentacijas temperatiru 23-30 °C
ir L. sanfranciscensis, L. pontis, L. fructivorans, L.
fermentum un L. brevis.

Daziem industrialajiem ieraugiem raksturigs
augsts fidens saturs — tie ir skidri un tadgjadi vieglak
izmantojami tehnologiskajas linijas, tiem raksturiga
paaugstinata fermentacijas temperatiira (>30 °C) un
isaks fermentacijas laiks (15-20 h). Skidros ieraugus
iespgjams razot lielos daudzumos, biezi izmantojot
nepartrauktas fermentacijas sist€émas, un atdzesét
uzglabasanai rezervuaros lidz septinam dienam. Sada
tipa ieraugos domin€ L. panis (Wiese, Strohmar et
al., 1996), L. reuteri, L. sanfranciscensis un L. pontis
(Hammes, Stolz, Ganzle, 1996). Skidros ieraugos
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vaji vairojas miltos esosas raugu sugas, tade] miklai
biezi pievieno maizes raugu (Hui, Meunier-Goddik
et al., 2004).

Ja ieraugu uzglaba istabas temperatiira, taja
turpinas fermentacijas process. PB ir jutigas pret
zemu vides pH ilgaka laika perioda, tade] tas var
klat neaktivas un pat aiziet boja. Tadgl, izv€loties
komercialo ieraugu, tiek dota prieksroka liofilizEtiem
ieraugiem. Tomér PB ir jutigas pret liofilizésanu,
tadel komercialajos kaltStajos ieraugos esoSajam
PB jabut So apstrades veidu.
No liofilizétiem komercialajiem ieraugiem ir izol&tas
L. plantarum, L. brevis un Pediococcus pentosaceus.
Tikai nesen ir pieejami komercialie liofiliz&tie
ieraugi, kas satur L. sanfranciscensis (Hammes,
Stolz, Ganzle, 1996).

izturigam pret

Ierauga mikrofloras identificéSana

Biezi vien daudzas PB nav iesp&jams identificét
ar tradicionalam metodém, kas var radit kladas
to klasificéSana. Dazas sugas uz laboratorijas
barotneém aug loti slikti, tade] tas ir griiti izol&t
un identificét. Atrai klasificé$anai izveidots
molekularu zondésanas metozu komplekts, kas
ietver hibridizaciju un uz PCR (polimerazes k&des
reakcija)balstitasmetodes,kaarispecifiskusekvencu
atpaziSanu ribosomalajos génos (Vogel, Muller et
al., 1996). Tomér sugu Itmeni §T zond&$ana var but
ierobezota, jo tas var zaud@t savu specifiskumu,
kad tiek atklatas jaunas sugas ar identiskam RNS
sekvences dalam. Ka alternativu var izmantot
taksonomisko metodi RAPD (nejausi amplificéta
polimorfa DNS), ar kuras palidzibu iesp&jams
konstatét paraugu biologisko
celmu ITment un rezultata iegiito elektroforgtisko
modeli sakartot klasteros un salidzinat ar datubazi
(Vogel, Knorr et al, 1999). Konsekventa
16S rRNS sekvencu analizes pielietoSana un
DNS-DNS hibridizacijas eksperimenti ir palidz&jusi
identificet jaunas sugas. No
ieraugiem izol&tas L. pontis un L. panis (Vogel,
Bockeretal., 1994), ka ar1 ped¢ja laika— L. frumenti
un L. mindensis (Ehrmann, Vogel, 2005).

Viena no labakajam  bakterialo
identificéSanas metodémir dazadu, ar PCR amplificétu
(pavairotu), 16S rRNS regionu sekvengSana un
salidzinosa sekvencu analize ar jau eksist€joSam
sekvencém, kas organizétas datu bazes, pieméram,
ARB vai BLAST (Miiller, Wolfrum et al., 2001).

16S rRNS sekvencu datu salidzinosa analize atklaj
tris filogenétiski atSkirigus ,,ierauga PB” klasterus.
Pirmais klasteris (L. delbrueckii grupa) ieklauj L.

daudzveidibu

daudzas rudzu

izolatu
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delbrueckii un 11 citas obligati homofermentativas
sugas. Otrais klasteris (L.
grupa) ieklauj 32 Lactobacillus sugas (ieskaitot
L. alimentarius) un piecas Pediococcus sugas.

casei/Pediococcus

Tresais klasteris (Leuconostoc paramesenteroides
grupa) ieklauj  heterofermentativas = Weisella
baktérijas. 16S tRNS Lactobacillus gints grupas
neatbilst lidz Sim piepemtajam iedalfjumam
apaksgintis Thermobacterium, Streptobacterium un
Betabacterium, ka ari trim grupam p&c fiziologiska
iedalfjuma — obligati homofermentativas, fakultativi
homofermentativas un heterofermentativas PB
(Collins, Rodrigues et al., 1991).

Viena no galvenajam
pieejas priekSrocibam ir iesp&ja novertét PB
klatbtitni, attisttbu un dzivotsp&ju ierauga bez
mikroorganismu kultivésanas. Ribosomalo
DNS amplikonu denaturacijas vai temperatiras
gradienta gg€la elektroforéze (attiecigi DGGE
vai  TGGE) ir labi piem@rota  metode
kompleksas  ekosistémas  dalibniecku un to
aktivitates novertesanai laika vieniba (Ehrmann,
Vogel, 2005).

Pétijuma meérkis ir izvertét fizikali kimiskos
un  mikrobiologiskos  raditajus  spontanajos
rudzu ieraugos, kas gatavoti, izmantojot rudzu
skrotétos un biologiski aktivétus rudzu graudu
miltus.

molekularas

Materiali un metodes

leraugi gatavoti un to fizikalie un kimiskie,
ka ari biokimiskie un mikrobiologiskie raditaji
noteikti Latvijas Lauksaimniecibas universitates
Partikas Tehnologijas katedras laboratorijas, Latvijas
Universitates Mikrobiologijas un biotehnologijas
institata, Latvijas Universitates Biologijas institata
un Kopenhagenas Universitates Dzivibas zinatpu
fakultate.

Eksperimentos izmantotas $adas izejvielas:
— a/s ,Jelgavas Dzirnavas” skrotetie

milti — 1370. tips (mitrums — 13.4%, pelnvielu

daudzums — 1.45%);

rudzu

— SIA ,Jelgavas Dzirnavas” rudzu graudi
(mitrums — 33.66% pé&c aktivésanas);
— dzeramais 1dens graudu skalo$anai un

mitrinasanai (atbilsto§i LR Ministru kabineta

2003. gada noteikumiem Nr. 235 , Dzerama

tidens obligatas nekaitiguma prasibas”).

Spontana ierauga gatavos$ana izmantots tris fazu
fermentacijas process, kas kopuma ilga 48 stundas,
ieraugu divas reizes atjaunojot — pievienojot jaunu
tidens un miltu porciju (1. att.).
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Iepriekseja
faze / Previous
stage: 100 g

Rudzu milti /
Rye flour :
100 g; 26 °C

Rudzu milti /
Rye flour :
100 g; 26 °C

H,0: 200 ml;
30°C

H,0: 100 ml;

38°C

Kopa / Total:
300 g; 26 °C
"0. punkts'' /
"point 0"

Kopa / Total:
300 g; 32 °C
"2. punkts" /
"point 2"

Ieprieksgja
faze / Previous
stage: 100 g

Rudzu milti /
Rye flour :
100 g; 26 °C

H,0: 100 ml;
35°C

A
Kopa / Total:
300 g; 28 °C
"4. punkts" /
"point 4"

Kopa / Total:
300 g; 26 °C

Kopa / Total:
300 g; 32°C

Kopa / Total:
300 g; 28 °C

"1. punkts" / "3. punkts" / "S. punkts" /
"point 1" "point 3" "
! %A —/— I~ —
1. faze / 24 2. faze/ 32 3. faze / 43 fementac1]as
st nd rd laiks, h /
L sthgs 2™ stage 3" stage fermentation
time, h

1. att. TrTs fazu spontana rudzu ierauga fermentacijas tehnologiskais process.
Fig. 1. Technological process of a three-stage spontaneous rye sordough fermentation.

Spontana ierauga (U) gatavoSana izmantoti
100% skrotéto rudzu graudu milti, bet spontana
ierauga (M) gatavosana — 20% rudzu graudu skrot&to
miltu aizstati ar biologiski aktivétu rudzu graudu
miltiem. Fermentacija norisinajas firmas ,,Memmert”
inkubatoros ,,JPP 4007, un paraugi tika nemti pirms
un péc katras fermentacijas fazes: 0. un 1. punkts
1. fazg, 2. un 3. punkts 2. fazé un 4. un 5. punkts
3. faze.

Titrgjama skabuma noteikSanai ieraugos izmantota
standartmetode péc G. Spicher un H. Stephan (1999).
PH noteikSanai izmantots ,,Jenway 3250” pH-metrs,
titréjama skabuma noteiksanai — 0.1 N NaOH.

B,, B,, B, un E vitamina saturs ieraugu paraugos
noteikts attiecigi péc AOAC standartmetodém
986.27.,970.65.,961.14. un 971.30.

Organisko skabju (pienskabes, etikskabes,
dzintarskabes) un oglhidratu (glikozes, fruktozes,
maltozes) koncentracijanoteikta, izmantojot skidruma
hromatografu ,,Agilent 1100” ar spektrofotometrisko
detektoru. Datu analizei izmantota datorprogramma
»Agilent Chemistation”.
testéSana

Testa

Ieraugiem veikta mikrobiologiska

un  decimalatskaidijumu  gatavoSana.
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paraugu nonemsana veikta atbilstosi standartam
LVS EN ISO 8261. Noteikti $adi radtaji:
— mezofili aerobo un fakultativi anaerobo

mikroorganismu (MAFAM) kopskaits (standarts

LVS EN ISO 4833);

— raugi (standarts ISO 21527-2);
— pienskabes baktérijas (PB), lietojot selektivo

MRS (Ref. 01-111) barotni.

Uzsgjumi MAFAM noteikSanai veikti uz galas
peptona agara (Nutrient Agar Ref. 01-140), raugu
noteikSanai — uz iesala eckstrakta agara barotnes
(Ref. 01-111). Mikroorganismu koloniju skaita
noteikS§anai  izmantots automatiskais  koloniju
skaititajs Acolyte®.

leglito datu apstrade veikta ar matematiskas
statistikas metodém; iegiitajiem rezultatiem aprekinati
vidgjie aritmétiskie lielumi; rezultatu ticamibas
[imenis (p) un standartnovirzes noteiktas ar Microsoft
Excel programmas paketi.

Pienskabes bakterijas identifictas, izmantojot
»API 50 CHL” testu. Ierauga mikrobialas
ekosisttmas  daudzveidiba  pétita, izmantojot
amplificétus V3 regionus no 16S ribosomala ierauga
DNS. Mikroorganismu ekosistémas identific€Sanai
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izmantota denaturgjosa gradienta g€la elektroforéze
(DGGE).

DNS attirisana veikta péc standartmetodes,
izmantojot GenElute™ | Bacterial Genomic DNA
Kit”. DNS attirits no ieraugu paraugiem, tos
centrifuggjot (A tips), vai no MRS barotné izauguso
PB koloniju veidojoso vienibu suspensijas (B tips).
Pec DNS attiriSanas supernatantu ievietoja saldétava
-20 °C talakai izmantoSanai polimerazes kedes
reakcija (PCR). Peéc DNS klatblitnes parbaudes
iespgjams veikt PCRm, izmantojot ,Stratagene
RoboCycler Gradient 96 PCR” iekartu ar automatisku
paraugu parvietosanas iesp&ju dazados temperatiiras
rezimu blokos. PCR reakcija ar karstumizturigas
palidzibu  nepieciesamais ~ DNS
fragments tika pavairots. Reakcija ietvéra tris solus:
DNS dubultspirales sadaliSana 94 °C, praimeru
pievienosanas DNS vienpavediena struktirai 60 °C,
vajadziga fragmenta sintéze 72 °C. Sie soli atkartojas
cikliski 35 reizes. legiistot veiksmigi amplificEtus
rDNS regiona rezultatus, iesp&jams veikt mikrobialas
ekosistémas izpéti, izmantojot DGGE standartmetodi
poliakrialamida ggla ar ,,INGENYphorU-2" sist€mas
palidzibu. Mikroorganismu sugu identific€Sanai g€la
nepiecieSams ievadit paraugkultiru sajaukumus
(Mix 1 un Mix 2). DGGE iegiitie dati tika apstradati
ar programmatiiru ,,BioNumerics”, izmantojot

polimerazes

10

W (=)} 3 e 2]

~

291

pH un titréjama skabuma izmainas, ApH, AT
Changes in pH and TTA, ApH, AT

iy

G

11w 7
— [l
, =Y EN
Ul.faze/ M. faize/ U2 faze/
phase 1 phase 1 phase 2

Pearson vai Dice algoritmu un izveidojot mikrobialas
sisteémas klasterus.

Rezultati un diskusija

Izvertgjot pH un titréjama skabuma izmainas
spontanajos ieraugos, var secinat, ka strauja titr§jama
skabuma paaugstinasanas un korelacija ar pH vertibas
pazeminasanos vérojama ieraugu gatavosanas otraja
un tresaja faze (2. att.).

Pirmaja fermentacijas fazé M ieraugam konstatets
lielaks titrgjama skabuma pieaugums un pH
samazinajums neka U ieraugam (A, M>A_U par 81%;
ApHM>ApHU par 70%).

Savukart fermentacijas otrajaun tresaja fazg lielaks
titréjama skabuma pieaugums un pH samazinajums
konstatéts U ieraugam, salidzinot ar M ieraugu
(2. faze A,U>A M par 9%; 3. faze A, U>A M par 11%;
2.un 3. fazé A U>A M par 18%). To var izskaidrot
ar fermentacijas procesa ieraugos €so$o enzimu un
mikroorganismu sastavu un darbibu.

Petijuma noteiktas arT glikozes, fruktozes
un maltozes koncentraciju pieauguma izmainas
fermentacijas laika (3. att.).

Vislielakas glikozes koncentracijas
ierauga noveérojamas fermentacijas 3. fazg, kad M
ierauga glikozes koncentracija palielinajas par 18%
vairak neka U ierauga. Tas izskaidrojams ar enzimu

izmainas

W ApH
& AT

2.38

G

1.53

0

1.25

W/W/;W

M2.faze/ U3.faze/
phase 2 phase 3

M 3. faze /
phase 3

2. att. Titrgjama skabuma un pH izmainas ieraugos fermentacijas laika.
Fig. 2. Changes in pH and TTA in sourdoughs during fermentation.
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3. att. Oglhidratu satura izmainas ieraugos fermentacijas laika.
Fig. 3. Changes in the content of carbohydrates in sourdoughs during fermentation.
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4. att. Organisko skabju satura izmainas fermentacijas laika.
Fig. 4. Changes in the content of organic acids in sourdoughs during fermentation.
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o un B amilazu aktivitati, kas hidrolizé cieti (Hui,
Meunier-Goddik et al., 2004), un ar pienskabes
bakteriju un raugu metabolismu. Bitisks maltozes
picaugums 2. fermentacijas fazé bija vérojams M
ierauga, kas par 31% parsniedza U ierauga raditaju.
Fruktozes koncentracija visvairak palielinajas
ieraugu fermentacijas 3. fazgé. Tapat ka pH un
titr§jamais skabums, arT oglhidratu izmainu dati
uzradija augstaku metabolisko aktivitati abu ieraugu
fermentacijas 2. un 3. fazg.

P&tijumu rezultati par organisko skabju izmainam
ieraugu fermentacijas fazés atklaja identisku to
koncentraciju izmainu tendenci, salidzinot ar
oglhidratu satura izmainam.

Pienskabes un etikskabes koncentracija bitiski
palielinajas fermentacijas 2. un 3. fazé gan U, gan M
ierauga (4. att.). Pienskabes satura izmainas kltdas
robezas (p=95%) sakrita abiem paraugiem gan 2., gan
3. fermentacijas faze. Etikskabes satura pieaugums
2. un 3. fermentacijas fazé U parauga parsniedza
M parauga raditajus attiecigi par 11% un 25%.
Dzintarskabes saturs péc fermentacijas samazinajas

1.4
1.3
1.2
1.1

1.0

0.9

0.8

0.7

0.6

0.5

04

03

Vitaminu satura izmainas, AE, AB1, AB2, AB, mg 100 g-1/
Changes in the content of vitamins, AE, AB1, AB2, AB, mg 100 g

0.2

24 stundas gan U, gan M ierauga. Tas skaidrojams
ar atSkirigu domingjoso heterofermentativo PB sugu
darbibu fermentacijas 2. un 3. fazg, kas aktivak
producg etikskabi un dzintarskabi.

No pétitajiem B grupas vitaminiem vislielakais
pieaugums fermentacijas gaita bija B, vitaminam, kas
ticamibas robezas abu ieraugu paraugos bija vienads
(p=95%). B, vitamina koncentracija M parauga
palielinajas butiskak (par 43%) neka U parauga, tacu
B, vitamina saturs M parauga fermentacijas gaita
praktiski palika nemainigs (5. att.). Ka zinams no
literatiiras datiem (Kazakos un Kapnuienko, 2005),
B, vitamins ietilpst pirovatdekarboksilazes sastava
un tiek izmantots ST enzima sintgze.

E vitamina izmainas fermentacijas gaita ieraugu
paraugos nebija bitiskas (5. att.).

Ierauga mikrofloras dinamikas raditaji liecinaja
par intensivu pienskabes bakt€riju un raugu
darbibu fermentacijas pirmaja faz&€ U ieraugad —
PB koncentracija palielindjas par 49%, bet
raugu — par 51% (6. att.). M parauga PB
koncentracija palielinajas tikai par 20%, tacu,

0.02

0.1

0.0
AE AB1

** M ieraugs / sourdough

AB2
# U ieraugs / sourdough

AB5

5. att. Vitaminu satura izmainas ieraugos fermentacijas laika.
Fig. 5. Changes in the content of vitamins in sourdoughs during fermentation.

LLU Raksti 25 (320), 2010, 67-77

73



E. Kozlinskis et al.

Spontano rudzu maizes ieraugu kimiskie un mikrobiologiskie raditaji

7.8
7.6
74

Mikroorganismu daudzums U ierauga, Logl0 kvv g '
Y A A A A A A e
[ S N = T S > N R SR )

bl
=3

Amount of microorganisms in sourdough U, Log10 CFU g‘

»
o0

RN
NSNS

<Q,
o
0 24 32 48
©~~MAFAM / APC Laiks, h/
Time, h

—— Raugi / Yeasts
—4&—PB/LAB

7.8
7.6
74
72
7.0
6.8
6.6
6.4
6.2
6.0
5.8
56
54
52
5.0
48
46
44
42

~—Raugi / Yeasts

—Ak—PB/LAB

<
<
24 32 48
<©~—MAFAM / APC Laiks, h/
Time, h

6. att. Ieraugu mikrofloras raditaji katras fermentacijas fazes beigas.
Fig. 6. Plate count of microorganisms at the end of fermentation phases.

1. tabula / Table 1

Izmantotas paraugkultiiras un to novietojums DGGE gela
Reference strains and their position in DGGE gel

Novietojums Paraugkultiira Novietojums Paraugkultiira

1-1 Lactobaczlllus p lqntarum., 2-1 Lactobacillus pontis
Lactobacillus alimentarius

1-2 Lactobacillus fermentum 2-2 Lactobacillus brevis

1-3 Leuconostoc mesenteroides 2-3 Lactobacillus sakei

1-4 Lactobacillus coryniformis 2-4 Lactobacillus curvatus

1-5 Lactobacillus delbrueckii 2-5 Pedlococ?us p en.tosace.ous;

Lactobacillus mindensis

1-6 Weissella cibaria 2-6 Pediococcus acidilactici

1-7 Lactobacillus lindneri 2-7 Lactobacillus namurensis
Lactobacillus casei, Lactobacillus

1-8 . 2-8 . .
Lactobacillus zeae sanfranciscensis

2-9 Lactobacillus secaliphilus.

nemot véra augstu sakotngjo PB koncentraciju, pec
fermentacijas 1. fazes ta kludas robezas (p=95%)
sakrita ar PB koncentraciju U ierauga. Fermentacijas

2. faze PB

74

skaits

abos ieraugos palielindjas

lidz 6.73£0.02 logl0 kvv g', bet fermentacijas
beigas sasniedza 7.24 (U) un 7.62 (M) log10 kvv g

Sakotng&ja

raugu koncentracija U ierauga

bija 4.33 logl0 kvv g, bet M ierauga sasniedza

LLU Raksti 25 (320), 2010; 67-77



E. Kozlinskis et al.

Spontano rudzu maizes ieraugu kimiskie un mikrobiologiskie raditaji

A

B

20
.
[30
Fvo [0
[50 60
60
I
70
80
[ 80
’7} 3
90
=100 =100,
l ] 4
| | *
j ! i
N - B.:
h - — 1
’ ] T = o »
y 13&‘11
K E: 22
1-4|
 — e J— P 32 -— |
- n25
i - | 1.6 p—26
.
- s .- >
1
=3 s b 185
o
U M Ref. U M
Fermentacijas
stunda / Hour of | 24 |24 | 0 |48 |32 |48 32| 0| |0 48|24 0 (3232|4824 48 |48 32|24 [32(24| |48 |32|48 24| 0|24 |32 0
fermentation
Eksperiments /1 1y by by, o o (22 2 12 ] 21221 ] 2211 /1]2]1)2
Experiment

7. att. Ieraugos esoso PB zimes DGGE gglos A tipa paraugos, kur DNS ekstrahéts tiesi no ierauga, un B tipa
paraugos, kur DNS ekstrah&ts no MRS barotng izauguso koloniju suspensijas.

Fig. 7. Bands of type A sourdough samples (DNA extracted directly from sourdough) and type B sourdough
samples (DNA extracted from colony suspension in MRS broth) in DGGE gels.

5.921og10 kvv g, jo biologiskas aktivésanas procesa
bija veidojusies optimali apstakli raugu vairosanai.

Aktiva  pienskabes bakteriju metabolisma
rezultata fermentacijas I. faze raugu
koncentracija M ierauga bitiski pazemingjas lidz
5.42 logl0 kvv g'. ST tendence bija novérojama
ari U ierauga, kur fermentacijas 2. fazg
raugu koncentracija pazeminajas no 6.54 Iidz
4.62 logl0 kvv g'. Fermentacijas beigas
raugu koncentracija M ierauga bija par vienu
pakapi augstaka neka U ieraugd un sasniedza
7.01 logl0 kvv g, kas atbilst mikla izmantojama
ierauga prasibam (Biotechnology, 1995).

Izvertejot  mikrofloras  attisttbu  ieraugos,
var secinat, ka U ierauga fermentacijas
1. fazé intensivi attistas MAFAM, bet M ierauga
to skaits samazinas, jo M ierauga gatavoSana
izmantojot  aktivéto graudu piedevu, rodas
labveliga vide raugu un pienskabes bakteriju

attistibai. Jaatzimé, ka viena no domingjosam
MAFAM grupam ir Bacillus gints aerobas
endosporu  veidojosas  baktérijas, kuras spgj

LLU Raksti 25 (320), 2010; 67-77

hidrolizét olbaltumvielas radit  sarmainu
vidi, kas nav labvéliga PB un raugu attistibai.
Tapéc PB un raugi tiek kultivéti uz selektivam
barotném, kur, vairojoties optimalos apstaklos, to
skaits parsniedz koloniju daudzumu, kas izaug uz
galas peptona agara (MAFAM) barotnes.

DGGE veikSanai  tika
paraugkultiiras (reference strains), kuru amplific€tus
16s géna rDNS fragmentus (V3 regionu) ievadot
gela, ieglst ,pedas”. Tas poliakrilamida gela
paradas pie konkrétiem gradientu procentiem,
tad¢jadi nostajoties konstantas vietas. Tika izvEltas
paraugkultiras, kas literatiiras avotos mingtas ka
rudzu ieraugiem raksturigas (1. tabula).

DGGE analizu rezultati (7. att.) paradija
$adus domingjosos PB celmus: Lactobacillus
plantarum 1369, Lactobacillus alimentarius 1627,
Lactobacillus delbrueckii 1646, un Lactobacillus
curvatus subsp. curvatus 2207 abos paraugos.
levérojami zemaka mikrobiala daudzveidiba
redzama paraugos, kur DNS ekstrahéts no MRS
barotné izauguSo koloniju suspensijas (B tipa

un

analizu izveletas
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paraugi), kurd Lactobacillus secaliphilus 17896
1639 ,pédas” pazid
pilniba. Iesp&jams, to var izskaidrot ar atmirusu
$tnu ,,pédam”, kas paradas poliakrilamida g¢la
paraugos, kur DNS ekstrahéts tiesi no ierauga (A
tipa paraugi), vai ar nepietickamiem augSanas
apstakliem iepriekSminéto mikroorganismu
attistibai.

M ierauga stabila domingjosa PB suga (gan A,
gan B tipa paraugos) bija Lactobacillus plantarum
1369 un Lactobacillus alimentarius 1627, savukart
U ierauga péc 24 stundu fermentacijas saka domingt
Lactobacillus curvatus subsp. curvatus 2207.

DGGE rezultati skaidri parada mikrobiologiskas
daudzveidibas atskiribas starp 1. un 2. eksperimentu.
Izmantojot DGGE metodi, visos spontana ierauga
paraugos tika identificéts rauga Saccharomyces

un Lactobacillus zeve

cerevisiae 50 celms.

,,API 50 CHL” testa rezultati uzrada identificétas
PB sugas Pediococcus damnosus (Pediococcus
cerevisiae), Lactobacillus brevis un Lactobacillus
fermentum, kas, iespjams, ir neidentificétas sugas
DGGE gelos un neatbilst nevienai no paraugkultiiram,
vai parstav citu sugas celmu.

Secinajumi

1. Pienskabes bakterijuunraugu aktivametabolisma
rezultata fermentacijas procesa beigas ierauga,
kas gatavots no skrotétiem miltiem, pH
pazeminajas lidz 4.05, un ierauga ar biologiski
aktivétu rudzu graudu miltu piedevu — lidz 4.11,
bet titrgjamais skabums paaugstinajas attiecigi
lidz 13.0 un 12.6°.

2. Organisko skabju un oglhidratu satura izmainas
ieraugu fermentacijas fazes bija praktiski
vienadas.

3. leraugu fermentacijas procesa visintensivak
palielinajas B, vitamina saturs.

4. Terauga gatavo$ana pievienojot biologiski
aktiveétu rudzu graudu piedevu un
labveligu vidi pienskabes baktériju un raugu
attistibai, ierauga fermentacijas 1. faze iespgjams
samazinat mezofili aerobo un fakultativi anaerobo
mikroorganismu attistibu.

5. Tlerauga ar biologiski aktivétu rudzu graudu
piedevu fermentacijas procesa beigas pienskabes
bakteriju un raugu daudzums sasniedza attiecigi
7.62 logl0 kvv g'un 7.01 logl0 kvv g,
kas atbilst kvalitativa ierauga raditajiem.

6. Eksperimentos izmantojot API testu, ieraugos
tika identificétas damnosus,
Lactobacillus brevis un Lactobacillus fermentum

radot

Pediococcus

76

pienskabes bakteriju sugas un raugu suga
Saccharomyces cerevisiae.

7. Izmantojot DGGE metodi, abu ieraugu
fermentacijas procesa beigas bija verojama
lidzigaunstabiladomingjo$o pienskabes bakteriju
celmu asociacija, kura ietilpa L. plantarum
1369, L. alimentarius 1627, L.curvatus subsp.
curvatus 2207, L. delbrueckii 1646 un rauga
Saccharomyces cerevisiae 50 celms.
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Development of Mathematical Model for Calculation of Cooking Regimes
of Sous Vide Packaged Mayonnaise-based Salad with Meat
Matematiska modela izstrade termiskas apstrades reZimu apréekinasanai
salatiem ar galu un majoneézi sous vide iepakojuma
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Abstract. Mayonnaise-based salad with meat has been identified as a ready-to-eat food with high incidence of
microbial contamination. Experiments were carried out at the Department of Food Technology of the Latvia
University of Agriculture to determine thermal inactivation (D-values and Z-values) of aerobic colony count
(ACC) during pasteurization of sous vide packaged ready-to-eat mayonnaise-based salad with meat at the
ambient temperature of t =+(50.0, 55.0, 60.0, 65.0, and 70.0)+0.5 °C. The temperature of the product during
thermal treatment process was measured in the core of the pouch every minute, and ACC colony forming units
(cfu g'") were determined by standard procedures for fresh prepared salad at 0 minute of the experiment as well
as after every 10, 20, 30 40, 50, 60, 70, 80, 90, 100, 110, and 120 thermal treatment minutes. The experiments
proved that D-values, required for tenfold reduction of ACC population in mayonnaise-based salad with meat
thermally treated in a water bath and a convection air/steam oven, are equivalent. The graphically calculated
Z-values can be used to determine the pasteurization time at any ambient temperature in a water bath as well
as in a convection air/steam oven. The pasteurization time for both thermal processes at one and the same

temperature was equivalent.

Key words: D-value, mayonnaise-based salad with meat, sous vide packaging, Z-value.

Introduction

A mayonnaise-based salad with meat is a ready-
to-eat product widely consumed in Latvia. It is
consumed as an appetizer and side dish. Mayonnaise-
based salads with meat belong to perishable
foods having a short shelf life. A commercially
made mayonnaise-based salad with meat can be
obtained as a microbiologically stable food through
applications of hurdle technological principles and
Good Manufacturing and Hygiene Practices, and it
needs refrigerated storage to achieve prolonged shelf
life in order to be commercially viable (Muizniece-
Brasava, Levkane, Dukalska, 2008). For such
microbiologically stable, complex foods, end of shelf
life is usually signalled by an unacceptable loss of
sensory attributes (Juneja, 2006).

78

Sous vide packaging is successful for the shelf
life extension of ready-to-eat foods. This technology
has been used in restaurants, catering establishments
and industrial processing companies. Many studies
have proved that sous vide packaging is effective
particularly for meat and meat products (Church,
Parsons, 1999; Juneja, 2006; Nishimura, Miyamoto,
Higasa, 2004; O’Mahoney, O’Riordan et al., 2004;
Rybka-Rodgers, 2001). Nowadays it is becoming
increasingly popular, because it affords convenient,
ready-to-eat foods of high sensory quality, prevents
evaporation losses of water and flavour volatiles
during heat treatment, at the same time also
maintaining nutritional quality by reducing oxidative
reactions of nutrients during preparation and storage
(Carlin, 2000; Sheard, Rodger, 1995).
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Sous vide packaging is an interrupted catering
system in which raw or precooked foods are packaged
under a vacuum in heat-stable, high barrier packaging
materials, and then thermally treated (pasteurized) by
controlled cooking in water, in hot air, or in water
steam below +100.0 °C. The heating is followed by
rapid cooling. Afterwards the products are stored
refrigerated at 0 to +4.0 °C, and then distributed and
retailed under refrigerated conditions so as to inhibit
the growth of aerobic microorganisms (Armstrong,
Mcllveen, 2000; Cobos, Diaz, 2007). Some studies
(Gonzalez-Fandos, Garcia-Linaresetal.,2005; Nissen,
Rosnes et al., 2002) declare results obtained from a
three-year experimental sous vide packaged ready-to-
eat food testing, and find that in such products the
chances of survival and growth of pathogens seem
very low since psychotropic, toxin-producing strains
of Bacillus or Clostridium spp. are rare or nonexistent
due to the low oxygen tension produced in foods.
Therefore at low storage temperature the health risk
of these products seems small. Thereby, according to
microbial testing of ready-to-eat end products, sous
vide packaged foods have received a lot of attention
from the researchers (Nyati, 2000; Siripon, Tansakul,
Mittal, 2007).

Pasteurization is critical to minimize the growth of
spoilage microorganisms during storage of sous vide
packaged foods. The processing parameters, however,
should be kept at a minimum in order to retain
maximum quality. The pasteurization parameters
must be developed individually for each product
(Ghazala, Ramaswang et al., 1995). The advantage
is due to the reduction of natural spoilage bacteria
via pasteurizing and storage under refrigeration
conditions that limit competitive bacterial growth. To
develop effectiveness of in-package thermal treatment
processes for a mayonnaise-based salad with meat,
the rate of inactivation of target microorganisms
(i.e.
at various processing temperatures must first be
determined (Mazzotta, 2001). To establish an
effective heat processing treatment for production of a
pathogen-free, ready-to-eat mayonnaise-based salad
with meat, decimal reduction of microorganisms
(D-values and Z-values) must be determined
(Murphy, Marks et al., 2000). The term “D-value”
refers to decimal reduction time and denotes the
amount of time that it takes at a certain temperature to
kill 90% of the organisms being studied. Thus, after
an organism has been reduced by 1 D-value, only
10% of the original organisms remain. Z-value of an

L. monocytogenes, Salmonella, S.aureus)

* All Experts Encyclopedia: D-value:

November 15, 2010.
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organism is the temperature, in degrees Celsius, that
is required for the thermal destruction curve to move
one log cycle. While the D-value shows the time
needed at a certain temperature to kill an organism,
the Z-value relates the resistance of an organism
to differing temperatures. So, the Z-value allows
calculating the thermal process of equivalency, if
there is one D-value and the Z-value.*

The experiments were carried out to determine
thermal inactivation (D-values and Z-values) of
the aerobic colony count (ACC) of microorganism
survival during pasteurization of a sous vide
technology packaged, ready-to-eat mayonnaise-based
salad with meat at various ambient temperatures
in a water bath and a convection air/steam oven at
t =1(50.0, 55.0, 60.0, 65.0, and 70.0)+0.5 °C.

Materials and Methods

The experiments were carried out at the
Department of Food Technology of the Latvia
University of Agriculture in the year 2009. The
object of the research was sous vide packaged
mayonnaise-based salad with meat.

Materials. Mayonnaise-based salads with meat
produced for a local market were used for the
experiments. The ingredients of the salads were:
boiled potatoes and eggs, cooked beef, pickled
cucumbers, salt, and mayonnaise ‘“Provansa”
(containing ingredients: vegetable oil,
dehydrated eggs, sugar, salt, acetic acid and citric
acid as acidity regulators, as well as sodium
bicarbonate, dehydrated yolk, thickening agent,
xanthan gum as stabilizer, mustard seeds as
flavouring, and potassium sorbate as preservative)
produced by manufacturing company “Spilva”
Ltd and purchased on a local supermarket. The
experiments involved preparation of the precooked
materials, vacuum packaging of the salads in
polyamide/polyethylene (PA/PE) film pouches
with high barrier properties (size — 200300 mm,
film thickness — 20/45 pum), and sous vide thermal
processing. Mass of each sample was 200+1 g.

The thermal treatment of samples. The samples
after packaging in pouches were vacuum-sealed by
chamber-type machine Multivac C350. The samples
were pasteurized by two thermal treatment methods:
a) in a bath Clifton Food

Range at the ambient temperature

t=+(50.0, 55.0, 60.0, 65.0, and 70.0)+0.5 °C.

The thermal

120 min,

water,

water

time within

core

treatment
while the

was
temperature

Accessed on
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of the samples was held constant at
t =+(48.0, 53.0, 58.0, 63.0, and 68.0)=0.5 °C;
b) in a convection air/steam oven FCVI0E
Tecnoinox at the ambient temperature
t =+(50.0, 55.0, 60.0, 65.0, and 70.0)£0.5 °C.
The thermal treatment time was within 120 min,
while the core temperature of the samples was
held constant accordingly at t=+(48.0, 53.0,
58.0, 63.0, and 68.0)+0.5 °C.

Immediately after preparation, all salad samples
were frozen in Foster FXBC10 freezer at the
temperature of -25 °C, and were stored frozen
at -18 °C for one day.

The structure of the performed experiments.
The temperature of the product in the core of the
pouch during the thermal treatment process as well
as the ambient temperature in the water bath and in
the convection air/steam oven were measured every
minute by Hanna Checktemp 1 thermometer.

The structure of the performed experiments is
summarized in Fig. 1.

Microbiological analysis. Samples were kept
frozen and, prior to testing, were defrosted at the
ambient temperature of (+18.0)~(+27.0)£0.5 °C
for 1.5 hours in accordance with International
Standard ISO 6887. The samples of fresh prepared
salads were analyzed for ACC by standard procedure
at zero minute of the experiment, and after every
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, and
120 minutes of thermal treatment. The ACC test
was performed by the method of colony count
technique at +30 °C in accordance with International

Standard ISO 4833:2003. The analyzed samples
(amount of each sample — 10 g) were removed from
packages and placed in a stomacher bag. Afterwards,
90 ml of 0.1% peptone water were added and then
homogenized with the stomacher (Bag Mixer 400)
for thirty seconds. After preparing serial decimal
dilutions of the homogenate with 0.1% peptone
water, duplicate plates were prepared using pour plate
method for enumeration. The ACC was determined
on Plate Count Agar and incubated at +30.0+1 °C for
72.0£3 h. After an appropriate period of incubation
(each plate containing 15-300 colonies), the ACC
was summed up and multiplied by the dilution
factor to determine CFU g of sample. The results
were evaluated by Guidance Note No. 3 “Guidelines
for the Interpretation of Results of Microbiological
Analysis of Some Ready-to-eat Foods Sampled at
Point of Sale” (Food Safety ..., 2001). According to
the guidelines, salads were ascribed to the vegetable
(prepared mixed salads and crudités) and meat
food group (meat, sliced cooked ham, tongue), i.e.,
category D foods for which up to 10°~107 cfu g of
ACC could be acceptable. The results were defined as
satisfactory when ACC was <10° cfu g! (means that
test results indicate good microbiological quality), as
acceptable when ACC was within 10107 cfu g!, and
unsatisfactory when ACC was >107 cfu g' (indicates
that acceptability threshold has been exceeded). All
the determinations were made in duplicate.
Determination of D- and Z-values. Vacuum-
packaged samples were thermally treated in a water
bath or a convection air/steam oven for pasteurization,

Salad with meat in
mayonnaise

[ In sous vide J

A
PA/PE pouches

B
] { PA/PE pouches ]

t=(50.0, 55.0, 60.0, 65.0, and 70.0)£0.5 °C

Fig. 1. The structure of the performed experiments:
A — sample pasteurization in a water bath; B — sample pasteurization in a convection steam oven.
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and step by step at timed intervals were removed for
analyses. D-values and Z-values were calculated
graphically.

Thermal inactivation of bacteria known as a
survivor curve generally follows first-order kinetics
and can be described by logarithmic reduction in
the concentration of bacteria with the time at any
given lethal temperature (equation 1). The decimal
reduction time D, is expressed as the time in minutes
(in our experiments) to achieve one log cycle
reduction of ACC survivor (from N to N ). D-value
is temperature-dependent and varies logarithmically
with the temperature as log D=f{t). The slope of the
curve that describes this relationship is expressed as
the temperature difference Z-value, required for the
curve to traverse one log cycle of D-value (Drive,
Bozeman, 1999; Garbutt, 1997; McCormik, Han et
al., 2003; Teixeira, 1992):

logN, =logN, —kt (1)
where

N, - aerobic colony forming units (cfu g) at
zero time (before pasteurization);

N, — acrobic colony forming units (cfu gh
after reduction of microorganisms by
one log cycle;

T — time for reduction of microorganisms

by one log cycle, min;
k — rate constant.

The rate constant of the straight line can be
expressed as follows:
_logN,—logN, )

k
T

If we assume that D-value is expressed as the time
in minutes to achieve a reduction (log N, —log N, )
in one log cycle of aerobic colony forming units, the
rate constant can be expressed as:

k=tg0t=l and D=T=%: (3)

T
where

a — aslope angle of straight line (equation 1).

Consequently, D-value can be expressed by
equation (4):
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D= * 4)
log N, —log N,

D- and Z-values are used to describe the thermal
killing behaviour of microorganisms. These values
are specific for each strain and can be used to compare
the biological impact of different combinations of
pasteurization temperature and holding time.

Statistical analysis. The results were processed
by mathematical and statistical methods. Statistics
on completely randomized design were determined
using the General Linear Model (GLM) procedure
SPSS, version 16.00. Two-way analyses of variance
(p<0.05) were used to determine significance of
differences between means of microbiological
properties.

Results and Discussion

Pasteurization is the most critical point of sous
videprocessing asitdetermines the sensory properties
of a mayonnaise-based salad with meat and the
quantity of microorganisms in the finished
product. The pasteurization temperature of that
product should not exceed 70 °C because of the
thermal sensibility of one of the main components
of salad — mayonnaise which melting starts
at a higher temperature. The rate at which the
bacteria die depends on many factors, including
temperature, added species, ingredients of
salads, fat content, acidity, salt content, and
water content. The addition of acids, salts or
spices in mayonnaise can decrease the number of
pathogens — this is why mayonnaise (with a pH
less than 4.1) does not need to be cooked. Food
additives — acidity regulators such as sodium
lactate and calcium lactate — are often used in
the food industry to reduce the risk of spore
forming pathogens like Clostridium spp. and
Bacillus  cereus (Aran, 2001; Rybka-Rodgers,
2001).

The heating time of a mayonnaise-based salad
with meat packaged in polymer pouches is calculated
on the basis of achieving sufficient bacterial
inactivation in each container in order to comply
with the public health standards (Food Safety ...,
2001).

The family of microbial survivor curves for
the pasteurization process of sous vide packaged
mayonnaise-based salads with meat in a water
bath is shown in Fig. 2. The results of calculated
D-values (equation 1) from the experimental data
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50 °C: R*=0.9910
55 °C: R?=0.9730

log CFU, g'
[N}

60 °C: R2=0.9610
65 °C: R’=0.9387
70 °C: R?=0.9270

0 é
\
-1
0 20 40 60 80 100 120 140

*50°C m55°C 460°C x65°C ®70°C

Time, min

Fig. 2. Survivor curves (D-values) showing logarithmic order of death for ACC as the time (min) required for
tenfold reduction in the microorganism population of sample A (pasteurization in a water bath).

Table 1
Calculation of D-values for pasteurization of a mayonnaise-based salad with meat
in a water bath (sample A)

) E . ¢ Rate constant k, D-value,
Ambient quation o min’! min

temperature the straight line . { i

(t),°C logN, =logN,—kt k=tgo =— D=1 :E

T

50+0.5 N =3.9900-0.0207 t R?=0.9910 0.0207 48.31
55£0.5 N =3.9900-0.0243 1 R>=0.9730 0.0243 41.15
60+0.5 N =3.9900-0.0295 1 R*=0.9610 0.0295 33.90
65+0.5 N =3.9900-0.0340 © R?=0.9387 0.0340 29.41
70+0.5 N =3.9900-0.0360 t R?=0.9270 0.0360 27.78

of sous vide thermal treatment process in the water
bath are summarized in Table 1.

The decimal reduction time (D-value) is expressed
as the time in minutes to achieve one log cycle of
reduction in the concentration of ACC (N). D-value
is temperature-dependent and varies logarithmically
with the temperature difference (Z-value expressed as
temperature in °C) required for the curve to traverse
one log cycle.

When the ambient temperature of 70 °C was
provided in the water bath, the calculated D-value
(D,,) was 27.78 minutes (Table 1) for each log
cycle reduction in the population, for example, if a
three-log cycle reduction is required, the total time

82

of 3x27.78=83.34 minutes will be required for the
given ambient temperature. Whereas if the ambient
temperature in the heating retort is established lower,
for example, 50 °C, the calculated D, -value will be
higher —48.31 minutes for each log cycle reduction in
the population, and 3x48.31=144.93 minutes will be
required for a three-log cycle reduction at the ambient
temperature of 50 C.

The family of microbial
for the pasteurization process
packaged mayonnaise-based salads with meat in
a convection air/steam oven is shown in Fig. 3.
The results of calculated D-values (equation 1)
from the experimental data of sous vide thermal

survivor curves

of sous vide
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50°C:R?=0.9919
55°C:R?=0.9726

60 °C: R2=0.9459
65 °C:R2=0.9401
70 °C: R%=0.9399
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Fig. 3. Survivor curves (D-values) showing logarithmic order of death for ACC as the
time (min) required for tenfold reduction in the microorganism population of sample B
(pasteurization in a convection air/steam oven).

treatment process in the convection air/steam oven
are summarized in Table 2.

When the ambient temperature of 70.0 °C
was provided in the convection air/steam oven,
the calculated D-value (D,) was 27.62 minutes
(Table 2) for each log cycle reduction in the
population. If a three-log cycle reduction is required,
the total time of 3x27.62=82.86 minutes will be
required for the given ambient temperature; whereas
if the ambient temperature in the heating retort is
established lower (50.0 °C) than that mentioned

above, the D -value will be higher — 46.08 minutes
for each log cycle reduction in the population,
and 3x46.08=138.24 minutes will be required for
a three-log cycle reduction at the given ambient
temperature.

The D-value of particular microorganisms will
decrease exponentially with the increase in the
temperature (Hyytia-Trees, Skytta et al., 2000;
Murina, Quimby et al., 2002). A line-of-best-fit is a
statistically correct method for representing our data
points (Figs 4 and 5).

Table 2

Calculation of D-values for pasteurization of a mayonnaise-based salad with meat in a
convection air/steam oven (sample B)

. Rate constant k, D-value,
Ambient Equat.lon O.f min’! min
temperature the straight line . i i
(t),°C log N, =log N, —kt k =tga =C D=t =
50+0.5 N =3.9900-0.0212 1 R?>=0.9919 0.0212 46.08
55+0.5 N =3.9900-0.0243 t R?>=0.9726 0.0243 41.15
60+0.5 N =3.9900-0.0274 t R?=0.9459 0.0274 36.50
65+0.5 N =3.9900-0.0348 1 R?>=0.9401 0.0348 28.74
70+0.5 N =3.9900-0.0362 1 R?=0.9399 0.0362 27.62

LLU Raksti 25 (320), 2010; 78-88

&3



V. Levkane et al.

Calculation of Cooking Regimes of Sous Vide Packaged Mayonnaise-based Salad
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Fig. 4. The dynamics of ACC in a sous vide packaged mayonnaise-based salad with meat during
thermal treatment process in a water bath (sample A) as log D=f{(t).
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Fig. 5. The dynamics of ACC in a sous vide packaged mayonnaise-based salad with meat during
thermal treatment process in a convection air/steam oven (sample B) as log D=f{(t).

When depicting the Z-value of sample A
(pasteurization in the water bath) graphically (Fig.
4), the calculated D-values and temperature pairs
(Table 1) were plotted on a semi-logarithmic graph
and the straight line was described by equations 5 and
6 (R*=0.9702):

log D =-0.0125¢+2.2992, (3)

D — 1070.0125l+2.2992 , (6)

where

t — ambient temperature in the water bath, °C.

84

The calculated Z-value, required to change
the D-value by one factor of 10 can be 79.81 °C
(equation 5). In our experiment, the calculated
D-values were from 4831 to 27.78 (Table 1),
therefore the Z-value could be related to reduction
of D-value by 0.1 factors, and the process could be
characterized by Z-value of 8.0 °C.

When depicting the Z-value of sample B
(pasteurization in the convection air/steam oven)
graphically (Fig. 5), the calculated D-values and
temperature pairs (Table 2) were plotted on a semi-
logarithmic graph and the straight line was described
by equations 7 and 8 (R? = 0.9649):
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Fig. 6. Heat penetration curves for sample A (pasteurization in a water bath)
showing ambient temperature (1) and temperature of food (2) in the core of the pouch.
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Fig. 7. Heat penetration curves for sample B (pasteurization in a convection steam oven)
showing ambient temperature (1) and temperature of food (2) in the core of the pouch.

log D =—-0.0120¢+2.2702, (7
D — 10—0A0120t+2.2702 (8)

where

t — ambient temperature in the convection
steam oven, °C.

For sample B, the calculated D-values were from

46.08 to 27.62 (Table 2), therefore also the Z-value
could be related to the reduction of D-value by 0.1

LLU Raksti 25 (320), 2010, 78-88

factors and the process could be characterized by
Z-value of 8.3 °C, which is similar to that in sample A.
Significant differences for Z-values between sample
A and sample B were not found (p>0.05). The straight
lines shown in Figs 4 and 5 are known as the thermal
death time (TDT) curves. The slope of those curves
reflects the temperature dependency of D-value and
is used to derive the temperature dependency factor
Z, which is expressed as the temperature difference
required for the curve to traverse one log cycle.
Once the TDT curve has been established for the
given microorganisms, it can be used to calculate
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the time—temperature requirements for any idealized
thermal process. Using equations 6 and 8 we can
calculate the corresponding D-value responding to
any ambient temperature in the heating retort. For
example, assuming a process is required that would
achieve one log cycle reduction in the population of
microorganisms in a mayonnaise-based salad with
meat, whose kinetics is described by a TDT curve
(Z-value) in Fig. 5, and that the temperature in the
heating retort is chosen 67.0 °C for thermal treatment
of sample A (pasteurization in a water bath), the
calculated D-value will be D ;=29.3 minutes.

The temperature of the mayonnaise-based
salad with meat (T) developed in the pouch during
pasteurization is a function of the ambient temperature
(t) in the retort, initial temperature (T,) of the
product, location of the product within the pouch (x),
thermal diffusivity of the product (o), and the time
(1) in the case of the conductive heating method:
T=f(t, T, x, 0, 1) (Teixeira, 1992).

The temperature/time plot of the experimental
data for heating of a mayonnaise-based salad with
meat in polymer pouches for samples A and B is
shown in Figs 6 and 7. The degree to which the core
centre temperature of the product can lag behind the
ambient temperature during heating is illustrated.
It is seen that increase in temperature in the core of
pouches and warming-up time depend on the ambient
temperature in the heating retort. The warming-up
time for sample A decreases from 48.31 minutes
(t,=50.0 °C) to 27.78 minutes (t=70.0 °C), but
for sample B — from 46.08 minutes (t=50.0 °C) to
27.62 minutes (t=70.0 °C) depending on the
temperature in the water bath and the convection
steam oven. The duration of pasteurization for sample
A (pasteurization in the water bath) is from 48.31
to 27.78 minutes, but for sample B (pasteurization
in the convection steam oven) — from 46.08 to
27.62 minutes. During that time the total count of
bacteria in both cases decreased by 90% compared
with the initial count of bacteria in the salad with
meat in mayonnaise.

The difference in the initial points of ambient
temperatures in the water bath and the convection
air/steam oven could be explained by the accepted
constant temperature t=+(50.0, 55.0, 60.0, 65.0,
and 70.0)%£0.5 °C at which the samples were placed
in the water bath; whereas in the convection air/
steam oven the samples were inserted at 16.8 °C
and approximately 5 minutes passed to reach the
accepted ambient temperature similar to that in the
water bath.
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The total count of microorganisms in the
mayonnaise-based salad with meat during
pasteurization in the water bath decreased from
4.0 log cfu g' to 2.8 log cfu g, and in the convection
air/steam oven — from 4.0 log cfu g to 2.9 log cfu g!
(Levkane, Muizniece-Brasava, 2009). No growth of
microorganisms in sous vide packaged mayonnaise-
based salad with meat was observed during the chilled
storage within 52 days after pasteurization, and good
quality and sensory properties were maintained
(Levkane, Muizniece-Brasava et al., 2009).

Conclusion

The experiments proved that D-values, required
for tenfold reduction of the total ACC in mayonnaise-
based salad with meat thermally treated in a water bath
and in a convection air/steam oven, are equivalent.

The graphically calculated Z-values can be used
to determine the pasteurization time of mayonnaise-
based salad with meat at any ambient temperature
in a water bath and in a convection steam oven. The
thermal treatment time for pasteurization in a water
bath and in a convection steam oven at one and the
same temperature is equivalent.
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Anotacija

LietoSanai gatavi &dieni, taja skaita salati ar majongzi, tiek uzskatiti par atrbojigiem partikas produktiem, kuriem
praks€ loti biezi ir palielinats mikrobiologiskais piesarnojums. Eksperimenti veikti Latvijas Lauksaimniecibas
Universitates Partikas tehnologijas fakultate. Petijumu mérkis — izstradat termiskas apstrades matematisko
modeli (D vertibas un Z veértibas) izdzivojuso mikroorganismu skaita noteik$anai salatos ar galu un majonézi sous
vide iepakojuma atskiriga sildosas vides temperatiira. Paraugus sous vide iepakojuma pasteriz&ja, izmantojot
dazadas termiskas apstrades metodes: Gidens vanna un konvekcijas krasni gaisa/tvaika vide. Apkartgja vides
temperatira idens vanna un konvekceijas krasni bija: t =+(50.0, 55.0, 60.0, 65.0 un 70.0)+0.5 °C. Produkta
temperatiiru termiskas apstrades procesa mérija iepakojuma centra katru mindti, un kopg&jo mikroorganismu
skaitu ar standarta procediiram noteica svaigi sagatavotiem salatiem pirms iepakosanas 0 mintite un p&c tam ik
pec 10, 20, 30 40, 50, 60, 70, 80, 90, 100, 110 un 120 termiskas apstrades mintitém. Eksperimentali noteikts,
ka D vertiba, kas nepiecieSama kop&jo mikroorganismu skaita samazinaSanai par vienu lg ciklu, paraugus
termiski apstradajot gan Gidens vanna, gan gaisa/tvaika konvekcijas krasni, ir [idzvertiga. Grafiski aprékinato Z
vertibu var lietot pasterizacijas laika (min) aprékinasanai jebkura sildosas vides temperattira gan tidens vanna,
gan gaisa/tvaika konvekcijas krasni. Pasterizacijas ilgums abos termiskas apstrades procesos viena un taja pasa
sildosas vides temperattra bija lidzvertigs.
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Gatavo &dienu mikrobiologiskas kvalitates pétijumi
un to ietekméjosie faktori
The Studies on Microbiological Quality of Ready-to-eat Foods
and Factors Influencing It

Tatjana Marcenkova, Martin§ Rucins
LLU Uztura katedra
Department of Nutrition, LLU
e-mail: Tatjana.Marcenkova@pvd.gov.lv; marty@delfi.lv

Abstract. The task of the study was to clarify the microbiological quality of ready-to-eat (RTE) foods from
catering establishments and prepare recommendations on criteria for evaluation of the results of microbiological
investigations. In Riga, the capital of Latvia, 552 food samples were taken from different catering establishments
for microbiological investigations on aerobic colony count (ACC; also known as total viable count or standard
plate count) and total coliform (TC) bacteria. The growth characteristics of microorganisms in RTE food
samples were analyzed in conformity with food category, composition, temperature, and food processing mode.
Different microorganisms such as Staphylococcus, Enterobacter, Escherichia, Klebsiella, and Citrobacter
genera, as well as yeasts and moulds and others were identified. The largest ACC was detected in 3rd category
food samples whose components did not undergo heat treatment — 10°~10” CFU g'in 61.1% of food samples.
The TC bacteria were detected in 86.2% of 3rd category food samples — 10— >10*CFU g'. This demonstrates
that 3rd category foods are a probable source either of foodborne pathogens or conditionally pathogenic
microorganisms. In the 3rd category foods, comparatively more frequently were identified Enterobacter
spp. (26.3%), Klebsiella spp. (18.4%), Pantoea spp. (15.8%), and Bacillus spp. (10.5%). The high levels of
conditionally pathogenic microorganisms in RTE foods indicated possibility of getting food poisoning via
meals. The research showed that miscellaneous and sometimes serious infringements of hygienic requirements
in catering establishments have substantial impact on the microbial quality of RTE foods.

Key words: foodborne diseases (FBD), ready-to-eat (RTE) foods, food safety, microbiological investigations,
food hygiene requirements.

Ievads

Sabiedribas veseliba ir saistita ar riska faktoriem,
kadi ietekmé iedzivotaju veselibu, un viens no tiem
ir cilvéka uzturs. Savukart partikas kvalitates un
nekaitiguma valsts uzraudziba ir atkariga no riska
faktoru adekvatas identifikacijas. Jaunu tehnologiju
un to radito produktu konkurences cipa tiek atklati
aizvien jauni potenciali draudi cilvéku veselibai,
kas pamatoti izraisa atbildes k&des reakciju:
partikas kimijas, mikrobiologijas, génu analizes
u.c. krit€riju piemérosanu kvalitativi un kvantitativi
jauna un daudz precizaka limeni (Eiropas
Parlamenta un Padomes Regula (EK) Nr. 178/2002
...; Eiropas Parlamenta un Padomes Regula (EK)
Nr. 852/2004 ...; Tirado, Schmidt, 2001; Brown,
Stringer, 2002; WHO ..., 2003-2008; Sagoo, Little et
al., 2003; Scientific criteria ..., 2003; Szeitzne Szabo,

Rodler, 2004; Food quality management ..., 2004;
Blija, Rivza, Avsjukovs, 2005; Karklina, Vilcina,
Santare, 2007; Lammerding, 2007; Melngaile,
2008; Millere, 2009; Partikas
dienesta uzraudzibas programmas, darbibas plani,
uzraudzibas parskati un citi informativie materiali,
2005-2009%).

Eiropas Savienibas normativie akti partikas
higiéna ka vienu no uzdevumiem izvirza patogénu
samazinasanu partika, ka ari partikas mikrobiologisko
un temperatiras kontroles kriteriju izstradi un
ievieSanu, kas balstas uz zinatniska riska novertgjumu.
Partikas razotaja pienakums ir razot un laist apgroziba
tikai droSu, cilvéka dzivibai un veselibai nekaitigu
partiku (Eiropas Parlamenta un Padomes Regula (EK)
Nr. 852/2004 ...; Eiropas Komisijas Regula (EK)
Nr. 2073/2005 ...; CAC/RCP 1-1969).

un veterinara

* Partikas un veterinara dienesta nepublicétie materiali par periodu no 2005. gada lidz 2009. gadam.
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Celonis lielakai dalai ar partiku saistito slimibu
ir partikas mikrobiologiskais piesarpojums. Tapéc
ir svarigi, lai partikas nozares dalibnieki lietotu
saskanotus kvalitates un nekaitiguma krit€rijus.
Partikas mikrobiologiskie kritériji lauj secinat,
cik pienemami ir partikas produkti, to razoSana,
apstrade un izplatisana (WHO, 2003-2008; Eiropas
Parlamenta un Padomes Regula (EK) Nr. 178/2002
...; Eiropas Parlamenta un Padomes Regula (EK)
Nr. 852/2004 ...; Eiropas Komisijas Regula (EK)
Nr. 2073/2005 ...).

Edienu kvalitates novertésana un
mikrobiologiska testéSana nav iesp&ama bez
attiecigajiem salidzinasanas kriterijiem. Tie lauj
adekvati un objektivi novertet edienu kvalitati un
nekaitigumu, kas savukart veicina produktu kvalitati
un droSumu patérétajiem, bet partikas uznémumos —
lidzvertigus apstaklus un godigu tirgus konkurenci.
Edinasanas uzn@mumos gatavotd partika nereti ir
potenciali bistama cilvéku veselibai. To pierada gan
sabiedribas veselibas statistiskie dati, gan dazadi
epidemiologiskie pé&tijumi (Tirado, Schmidt, 2001;
Szeitzne Szabo, Rodler, 2004; Bolton, Maunsell,
2004; Blija, Rivza, Avsjukovs, 2005; Melngaile,
2008; Millere, 2009).

Pedgjos piecos gados Latvija verojama
iedzivotaju saslimstibas palielinaSanas ar akiitam
zarnu infekcijam (AZI), kas galvenokart saistits
ar mikrobiologiski piesarnotas partikas lietosanu
uzturd (Sabiedribas veselibas ..., 2002-2008). Sie
saslimstibas raditaji ir vieni no augstakajiem Eiropas
ekonomiskas zonas valstis. Latvija registréto AZI,
t.sk. partikas izraistto slimibu, ierosinataju spektrs
ir loti plass. Lidz 2002. gadam Latvija tika registréta
ikgadgja AZI wuzliesmojumu palielinasanas, bet
kops 2004. gada — §1s saslimstibas Itmena kritums.
Tomeér jaatzime, ka pedgjos trijos gados noverojama
AZI1 palielinasanas tendence -
no 268.8 gadijumiem (intensitates raditajs uz
100 tikst.) 2004. gada Iidz 405.22 gadijumiem
2008. gada (Epinorth ..., 2002-2008; Sabiedribas
veselibas ..., 2002-2008; Partikas un veterinara
dienesta uzraudzibas programmas, darbibas plani,
uzraudzibas parskati un citi informativie materiali,
2005-2009).

Edienu mikrobiologiskie izmekl&jumi ir objektiva
metode partikas aprites valsts uzraudzibas, t.sk. ari
tirdzniecibas un &dinasanas, uznémumu paskontroles
pasakumu efektivitates noveért€Sanai. Ta nodroSina
pieradijumus partikas higiénas noteikumu izpildei (ir

saslimstibas

vai nav parkapti) vai arT pamato atsevisku partikas
aprites posmu papildu kontroles nepiecieSamibu,
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un palidz savlaicigi atklat ar partikas kvalitati un
nekaitigumu saistitas problémas. Partikas produktu
mikrobiologiskie kritériji janosaka ari tade], lai
varétu definét razoSanas procesu un produktu
kvalitati (Eiropas Parlamenta un Padomes Regula
(EK) Nr.852/2004 ...; Eiropas Komisijas Regula (EK)
Nr. 2073/2005 ...).

Pasreizgjiem Eiropas Savienibas un Latvijas
normativajiem dokumentiem ir vairaki objektivi
trakumi: normas ir visparigas un neparedz siki
izstradatus mikrobiologiskas kvalitates kritérijus
edieniem, reguléjums attiecas uz kopg&jo Eiropas
Savienibas tirgu, bet gandriz neskar vietgjo
jeb nacionalo Itmeni. Tapéc attistitajas Eiropas
valstis (Irija, Lielbritanija, Francija u.c.), ki arl
ASV un Kanada jau sen ir izstradati nacionalie
mikrobiologiskie kritériji, kas balstas uz riska
zinatnisko novertgjumu.

Latvija Sobrid reglamentg&tas
mikrobiologiskas kvalitates normas &dieniem,
tade| arT nav iesp&jams veikt objektivu &dinasanas
uzpémumos gatavoto &dienu mikrobiologiskas
kvalitates noveértésanu. Nav vienotu mikrobiologisko
kritériju dazada veidasalatiem, diedz&tiem graudiem,
desertiem un citiem &dieniem, t.sk. pamatédieniem
no galas un zvejas produktiem. Nav ar1 vadliniju So
kriteriju izvert€Sanai un piemérosanai.

Tadgl $ipetijuma mérkis bijaizvertét gatavo eédienu
mikrobiologisko kvalitati un veikt mikrobiologisko
kriteriju izstradi.

nav

Materiali un metodes
P&tfjumi veikti laika no 2004. gada novembra

Iidz 2009. gada oktobrim. Paraugu laboratoriskie,

t.sk. mikrobiologiskie, izmekl&umi veikti Partikas

un veterinara dienesta (PVD) Nacionala diagnostikas
centra (NDC) Partikas un vides izmeklgjumu
laboratorija.

Sobrid partikas uzngmumu aktualakais jautajums
ir to higi€niskas situacijas objektivu izvertéSanas
metozu tritkums, taja skaita partikas un vides paraugu
mikrobiologisko izmekl&jumu planosana un Iidz
ar to krit€riju trokums So izmekljumu rezultatu
izverteSanai. Petljuma analiz&ti:

— @&dienu paraugi no Rigas pilsétas atklata tipa
edinasanas uznémumiem;

— paraugos veikto temperatiiras me&rijjumu rezultati,
ka arT paraugos noteiktais pH;

— PVD veiktu &dinasanas uzp@émumu parbauzu
protokoli un uzraudzibas parskati (par 2004.—
2008. gadu) par partikas higi€nas normativo aktu
prasibu kontroli €dinasanas uzpémumos;
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— speciali izveidotas aptaujas anketas &dinasanas
uznémumu higiéniskas situacijas noverteésanai;

— Sabiedribas veselibas agentiiras (SVA) un PVD
informacija (apskati, zinojumi) par partikas
izraisitajam saslim$anam un to uzliesmojumiem

Latvija.

Edienu paraugos noteikts mezofili aerobo un
fakultativi anaerobo mikroorganismu (MAFAM)
skaits, koliformu bakteriju skaits, pH un veikta
mikroorganismu sugu identifikacija. UzpE€mumu
parbaudes veiktas, &dienu paraugi nemti un to
temperaturas
un merjumu rezultati verteti saskana ar PVD
iek§g€jam proceduram (KR.10.P.112; KR.10.P.197;
KR.10.P.210; KR.10.P.212; KR.10.P.227).

Analizeti SVA epidemiologiskie bileteni, parskati
par situaciju saslimstiba ar akiitam zarnu infekcijam
Latvija, PVD riciba esoSie zinojumi par grupveida
saslimSanas gadfjumiem no 2002. gada Iidz
2008. gadam, kas noforméti saskana ar PVD
procediru KR.10.P.018.

Edienu paraugi tika pemti 16 atklata tipa
&dinasanas uzpémumos, kuros notick Latvijas
patérétajiem tradicionalo un netradicionalo vai
jauno &dienu gatavoSana (kiniesu, korejiesu, japanu,
taizemiesu u.c.). Petiti 260 @&dienu paraugi
no tradicionalajiem &dinasanas uzp@émumiem
un 292 @&dienu paraugi no netradicionalajiem
€dinasanas uzpémumiem. PEtfjumam uzp@émumus
atlasija, balstoties uz PVD datiem un pemot
veéra uznémuma stradajoso skaitu, razoto &dienu
sortimentu un porciju skaitu, partikas aprites telpu
platibas, atbilstibu higienas prasibam u.c. kriterijus.
Pétijuma ieklautajos uznémumos ieprieksgja laika
posma tika konstatStas aptuveni lidziga rakstura
neatbilstibas higiénas procediru un tehnologisko
procesu ieveérosana.

Petjumam visi &dieni nosaciti tika iedaliti
kategorijas atkariba no nosakama MAFAM skaita.
Katra no S§im kategorijam ieklava &dienus ar
atSkirigam sastavdalam un apstrades metodém, kas
atseviskos gadijumos vargja veicinat mikroorganismu
skaita samazinasanos vai, tie$i otradi, palielinasanos
tehnologiska procesa gaita.

1. kategorija: @&dieni, kuru sastava esoSie
komponenti ir termiski apstradati un kuri ir gatavi
talitejam paterinam.

2. kategorija: &dieni, kuru atseviskas sastavdalas
ir termiski apstradatas, un §ie produkti paredzeti
talakai uzglabasanai (arT atdzeseti u.c.) vai paklauti
turpmakai tehnologiskai apstradei (smalcinasanai,
sadaliSanai, komponentu sajaukSanai) pirms gala

mérfjumi  veikti, un izmek&umu
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produkta sagatavoSanas un pat€rina. Gala produkta
sagatavo$ana nav pielietota termiska apstrade.

3. kategorija: attiecas tikai uz noteikta veida
&dieniem, kuros ir dabiski augsts mikroorganismu
skaits. Pie tiem pieder fermentéti vai raudzgeti
produkti vai &dieni, kuru sastava ir Sie produkti,
marinéti zvejas vai galas produkti u.c., kas paredzgeti
tieSajam paterinam bez papildu termiskas apstrades.
Pie Sts kategorijas pieder griezti augli un darzeni,
arT ogas un zalumi, svaigi spiestas auglu un darzenu
sulas, kréma konditorejas izstradajumi (kuros kréma
sagatavoSanai nav nepiecie$ama termiska apstrade),
piem@ram, jogurta kréms, olbaltuma kréms u.c. Visu
$o produktu un to sastavdalu deriguma termins ir
mazaks par 5 dienam.

Tika pemti ne mazak par 10 viena veida
(nosaukuma) &dienu paraugiem; katra &dienu
kategorija — ne mazak par 20 paraugiem. Visos
paraugos to nemsanas bridi tika merita diena ieksgja
temperatlira, to veicot ar kalibrétu digitalo kontakta
jeb bimetalisko termometru.

Paraugi nemti, iesainoti un transportgti saskana ar
procediiram, kas pamatojas uz starptautiski atzitiem
paraugu pems$anas standartiem un ir saskana ar
PVD procediru KR.10.P.197 ,Partikas paraugu
iesainosanas un identificé$anas kartiba”. Edienu
paraugi nemti pec to izgatavoSanas vai nosléguma
apstrades posma, bet ne vélak par 2 stundam no to
izgatavoSanas briza.

MAFAM  noteiksanai lietots standarts
LVS EN ISO 4833:2003 ,Partikas un dzivnieku
baribas mikrobiologija. Mikroorganismu skaitiSanas
horizontala metode. Koloniju skaitiSanas
metode pie 30°C”. Mikroorganismu kulttru
izolesanai lietota PCA barotne (Plate count agar).
Koliformu baktériju skaita noteikSanai lietots
standarts LVS ISO 4832:2003 ,,Visparigie noradijumi
koliformu bakteriju skaitiSanai. Koloniju skaitiSanas
metode.” Mikroorganismu sugu identific€Sanai
no plates ar selektivu un/vai neselektivu agaru
tika nemtas vismaz 5 morfologiski arSkirigas
kolonijas, kuras parséja uz neselektiva agara
(Nutrient agar), lai iegitu ftirkultiru. Izol&to
mikroorganismu kultiru biokimiska identifikacija
notika, izmantojot krasosanu péc Grama un
mikroskopésanu (Gram+ un Gram- mikroorganismi),
un oksidazes, katalazes, indola un koagulazes
testus.

Nosléguma posma izoleéto mikroorganismu
kultiiru biokimisko 1pasibu noteiksSanai lietotas API
biokTmiskas testsisteémas (API® strips) (AP1 20E, API
STREP, API Staph, API 20 A, API NE, API campy,
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API 50 CH u.c.), bet atsevisku mikroorganismu
sugu identificésanai — BBL Crystal sist€mas (Becton
Dickinson Microbiology Systems).

pH noteiksanai dienu paraugos lietots verificéts
pH-metrs un standartizétas metodes pH noteiksanai
dazadu veidu produktos: 'OCT 26188-84, TOCT
28972-91, LVS ISO 2917:2004.
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1. kategorija / 1st category

‘19970 ‘

2.kategorija/ 2nd category

Datu statistiskai apstradei lietotas Microsoft
Excel un SPSS programmas 15.0 versija
(Statistical Package for Social Science). Petijumu
datu sakartbu noteikSanai lietota matematiska
programmu  paketes MathCad 14.0  versija
(Engineering Calculation Software). Statistiskai
analizei lietoti lg KVV g! vidgjie raditaji, kas

4.6043

40842 42458

3. kategorija / 3rd category

Edienu kategorijas / Categories of RTE

tradicionalie / traditional

H netradicionalie / untraditional

1. att. Vidéjais MAFAM skaits visu kategoriju €dienos, g, KVV g,
Fig. 1. Average ACC in all category RTE foods, lg, CFU g.

357

-1

Koliformu baktecriju vidgjie g, KVV g’
Average TC count, lg,CFU g

1. kategorija / 1st category

2.kategorija / 2nd category

2.8325

3. kategorija / 3rd category

Edienu kategorijas / Categories of RTE

“ tradicionalie / tradtional

B petradicionalie / untraditional

2. att. Vid&jais koliformu baktériju skaits visu kategoriju €dienos, 1g, KVV g
Fig. 2. Average TC count in all category RTE foods, 1g, CFU g
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uzskatamak raksturo p@tfjuma iegiitos datus.
Lietotas Sadas datu analizes statistiskas metodes:
dispersijas analize, faktoru analize un izkliedes
analize ~ (ANOVA). legitajiem  rezultatiem
veikti brivibas pakapju skaita, FiSera vértibas un
p vertibas apékini.

Mikrobiologisko izmekl&umu
vertesanai lietotas PVD rekomendacijas ,,Visparigie
metodiskie noradijumi partikas paraugu nemsanai
mikrobiologiskiem izmekl&jumiem un rezultatu
izverteSanai”, kas izveidotas, pamatojoties uz
Australijas un Jaunz€landes un uz Lielbritanijas un
Irijas vadlinijam.

rezultatu

Rezultati un diskusija

Saja raksta sniegta nozimigaka dala no lielaka
petijuma, kur§ tapis, pateicoties Eiropas Savienibas
Sociala fonda lidzfinansgjumam.

Nosakot MAFAM un koliformu bakt€riju skaitu,
attiecigi 5.8% un 25.0% gadijumu konstatéti rezultati,
kas neatbilst apmierinoSam testéSanas rezultatam.
Edienu paraugi ar $adiem rezultatiem biezak
konstatgti: tresas kategorijas €dienos, attiecigi 64.7%
(koliformas bakterijas); otras kategorijas &dienos,
attiecigi 9.6% (MAFAM) un 24.09% (koliformas
bakterijas); pirmas kategorijas &dienos, attiecigi
7.4% (MAFAM) un 6.5% (koliformas baktérijas) no
kopgjo paraugu skaita.

Mikrorganismu skaita vidgjo raditaju
decimallogaritms  uzskatamak raksturo  visas
&dienu kategorijas. Lielakais MAFAM skaita

vidgjais decimallogaritms noteikts 3. kategorijas
tradicionalajos  &dienos: MAFAM - Iidz
4.66 lg KVV g' koliformas baktérijam — lidz
2.83 lg KVV g'. Lidziga aina novérota, nosakot
koliformu baktériju skaitu, kur vid€jie raditaji
ir mazaki neka MAFAM skaitam. Analogiskas
likumsakaribas novérotas koliformu bakteriju vid€jo
raditaju grafiskajos attélos (1. un 2. att.). MAFAM
un koliformu bakteriju vidgjais skaits tradicionalajos
&dienos ir lielaks neka netradicionalajos &dienos.

Neliels MAFAM skaits (tikai no 5 Iidz
10 KVV g') noteikts 48.9% izmeklgjumu, kas dalgji
apgritindja mikroorganismu sugu identificéSanu.

Pirmas kategorijas &dienos (92.6% paraugu)
noteikts mazakais MAFAM skaits (<10* KVV g™),
bet 3. kategorijas &dienos (22.3% paraugu) — liclaks
par 10° KVV g'!. Koliformu baktériju mazakais skaits
(<10°KVV g noteikts 1. un 2. kategorijas eédienos —
attiecigi 93.5% un 75.9% paraugu, bet 3. kategorijas
&dienos — 50.6% paraugu. Tresas kategorijas €dienos
MAFAM skaits noteikts lielaks par 10* KVV g
61.1% paraugu.
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Nosakot MAFAM 1., 2. un 3. kategorijas &dienos,
neapmierinosi test€Sanas rezultati netika konstateti.
Savukart koliformu baktgriju skaits 2. un 3. kategorijas
€dienos bija lielaks par 10* KVV g — attiecigi 6.02%
un 14.1% gadijumu.

Dazadas mikroorganismu sugas noteiktas 33.2%
&dienu paraugu (n=552) (to skaita 83.1% paraugu
identificéta tikai viena mikroorganismu suga un
16.9% paraugu vienlaicigi identific€tas no 2 lidz
4 mikroorganismu sugam): Bacillus spp. noteikti
23.43% gadijumu, Enterobacter spp. — 22.52%,
Staphylococcus spp. —14.4%, Klebsiella spp. —11.7%,
Ochrobactrum spp., Escherichia spp. un pel&jumi —
2.7%, Hafnia alvei un Brevibacillus spp. — 1.8%
gadijumu, bet pargjie mikroorganismi: Pantoea
spp. — 1.2% gadijumu, Citrobacter spp. — 3.6%,
un raugi — 1.8% gadijumu. Skaitliski vismazak
ir parstavetas spp.
spp., attiecigi katra 0.9% gadifjumu. Visu triju

Serratia un Micrococcus

edienu kategoriju rezultatu kopsavilkums
ir dots 3. attela.
Pétijuma rezultati liecina, ka MAFAM un

koliformu bakteriju skaits &dienos saistits ar tajos
ieklautajam sastavdalam un apstrades metodém, ka
ar ar to, cik liela méra &dienu gatavoSana lietots
personala roku darbs, vai partikas uznémuma visos
aprites posmos tiek iev@rotas hig€nas prasibas, ka
arT vai Siem produktiem pirms to lietoSanas uztura ir
nepiecieSama papildu termiska apstrade.
Tradicionalo &dienu paraugos mikroorganismu
sugas noteiktas biezak (53.2%) neka netradicionalo
&dienu paraugos (46.8%). Otras kategorijas €dienos
mikroorganismu sugas identificétas 36.9% gadijumu,
1. kategorijas @&dienos — 28.8% gadfjjumu, un
3. kategorijas &dienos — 34.2% gadijumu.
Parsvara  identificéti  saprofitic un  nosaciti
patogénie mikroorganismi, tomer sesSos
gadjjumos no visiem identificéts patogéns —
Staphylococcus aureus:
— 1.kategorijas vistas galas €dienos Staphylococcus
identificéts 4 gadijumos, no tiem
2 gadijumos — vairak par 10> KVV g, kas ir
pienemams rezultats, un divos gadijumos —
vairak par 10° KVV g, kas atbilst neapmierino$a
rezultata kriterijam;
— 2. kategorijas &dienos Staphylococcus aureus
netika identificéts;
— 3. kategorijas &dienu divos putukréuma ar
biezpienu paraugos Staphylococcus aureus skaits
bija lielaks par 10° KVV g,
Jaatzime, ka Staphylococcus aureus daudzums,
kas lielaks par 10° KVV g!, uzskatams par
potenciali bistamu patSrétaju veselibai un liecina

aureus
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Hafiia alvei
1.80%

Ochrobactrum anthropi
2.70%

Microco ccus sedentarius

0.90%

Serratia adorifera

0.90%

Pantoea spp.
721%

Brevibacillus spp.
1.80%

Bacillus spp.
23.482%

Escherichia spp.
2.70%

Pelejumi / Moulds
2.70%
Actinomyces spp.
1.80%
Raugi / Yeasts
1.80%
Enterobacter spp.
2.52%

Klebsiella spp.
11.71%

Staphylo coccus spp.

Citrobacter freundii 14.41%

3.60%

3. att. Paraugos identificéto mikroorganismu, raugu un pel&jumu daudzums, %,
visu kategoriju &dienos kopa.
Fig. 3. The amount, %, of identified microorganisms, moulds and yeasts in all category RTE foods.

1. tabula / Table 1
p vertibas salidzinajums tradicionalo un netradicionalo edienu grupas ANOVA analize
Comparison of p values in traditional and untraditional RTE food categories by ANOVA analysis

Edienu kategorijas, to raditaji /

TS T
Categories of meals and their parameters dr F Sig.
1. kategorija / 1stcategory
MAFAM Ig, KVV g'!/ Starp grupam / Among
ACClg, CFU g groups ! 0.177 0.675
Koliformu Starp grupam / Amon
baktriju lg, KVV g/ e fo . & 1 3.981 0.049
TC lg, CFU g group
2. kategorija / 2nd category
MAFAM lg, KVV g/ Starp grupam / Among
ACClg, CFU g oroups 1 42.153 0.000
Koliformu Starp grupam / Amon,
baktzriju lg, KVV g/ P fou . £ 1 28.943 0.000
TC lg, CFU g’ group
3. kategorija / 3rd category
MAFAM Ig, KVV gt/ Starp grupam / Among
ACClg, CFU g aroups 1 1.402 0.240
Koliformu Starp grupam / Amon,
bakteriju Ig, KVV g/ e fou . J 1 15.975 0.000
TC lg, CFU g group

* — brivibas pakapju skaits / number of freedom degrees; ** — FiSera vertiba / Fisher’s value; *** — p vertiba / p value.

par nopietnam neatbilstibam &dienu gatavoSanas  (2.83 Ig, KVV g') neka netradicionalo &dienu grupa

procesa. (1.7 1g, KVV g, kas ir 2 reizes mazaks par
Koliformu bakteriju vidgjais decimallogaritms MAFAM vidgjiem raditajiem. Nosakot MAFAM
tradicionalo &dienu grupa bija lielaks  skaitu 2. kategorijas @&dienos un koliformu
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bakteriju skaitu 3. kategorijas &dienos, konstatétas
statistiski ticamas atSkiribas starp grupu vidgjiem
raksturlielumiem. p vertibas aprékinu kopsavilkums
dots 1. tabula.

Pirmas kategorijas &dieniem tikaikoliformu
baktériju vidgjiem raditajiem pastav statistiski
ticama atSkiriba starp tradicionalo un netradicionalo

starp  tradicionalo un netradicionalo &dienu
vidgjiem raditdjiem pastav statistiska ticamiba,
bet 3. kategorijas €dieniem tikai koliformas bakterijam
pastav statistiski ticama atskiriba.

Noteiktas sakaribas liecina par to, ka termiski
apstradatajos &dienos, t.i., 1. kategorijas &dienos,
konstatéts neliels MAFAM un koliformu baktériju

&dienu grupam. ArT 2. kategorijas &dieniem
gan MAFAM, gan koliformas bakterijam

6.8
6.6
64
6.2
6
pH
5.8
56|
54|
52|

60 65 70 75 8 85 90
Temperatiira / Temperature, °C
4. att. MAFAM vidgja skaita atkariba no paraugu
temperatiras un pH
1. kategorijas €dienos, g, KVV gl
Fig. 4. Average ACC in relation with the sample
temperature and pH level in the 1st category
foods, g, CFU g!

skaits, turpreti jauktajos &dienos un &dienos, kuri
netiek termiski apstradati pirms pasniegSanas uztura,

50 55 60 65 70 75 80 85 90
Temperatiira / Temperature, °C

5. att. Koliformu baktériju vidgja skaita atkariba no
paraugu temperatiras un pH
1. kategorijas €dienos, lg, KVV gl
Fig. 5. Average TC count in relation with the sample
temperature and pH level in the 1st category
foods, g, CFU g

konstatéts liclakais MAFAM un koliformu bakt€riju skaits. Tas norada uz gatavo &dienu termiskas apstrades
biitisku nozimi mikroorganismu skaita samazinasana.

Pamatojoties uz starptautisko pieredzi un zinatniskaja literatiira pieejamajiem datiem, $aja p&tjjuma tika
analiz&tas iesp&jamas kopsakaribas starp MAFAM un koliformu baktériju skaitu un €dienu paraugu temperatiiru
un pH. Noverots, ka, temperatiirai parsniedzot +75 °C un pH samazinoties zem 5.2, baktériju skaits ir
neliels — mazaks par 2.0 Ig KVV g legiita sakariba, kas raksturo tieSu temperatiiras un pH ietekmi uz
MAFAM vidgjiem raditajiem visa 1. kategorijas dienu grupa:

MAFAM Ig (1. kategorija)=0.0024x T +0.0044x T2 +12x pH —0.31x pH?> —0.117xT x pH ~31.8 . (1)

Sis sakaribas determinacijas koeficients 57 ir tikai 0.25, kas ar zinamu piesardzibu |auj izdarit secinajumus
par temperatiiras un pH neizteiktu savstarpgjo ietekmi uz MAFAM skaitu §Ts kategorijas &dienu paraugos. Tas
skaidrojams ar dazado &dienu lielajam atskiribam, kas icklautas $aja kategorija.

Vertgjot koliformu baktériju skaita atkaribu no 1. kategorijas tradicionalo &dienu gatavos$anas temperatiiras
un pH, konstatéta izteiktaka koliformu bakteriju skaita palielinasanas, salidzinot ar MAFAM pétijumiem
(4. att.). Var drosi apgalvot, ka &dienu temperatiirai paaugstinoties virs +80 °C, koliformu baktériju skaits ir loti
neliels (Ig KVV g! —0.6). legita sakariba, kas raksturo katra faktora (temperatiiras, pH) ietekmi uz koliformu
bakteriju vidgjiem raditajiem visos 1. kategorijas €dienos (5. att.):

TC lg (1. Kategorija)=19— 0.215x T +0.000026 x T> — 2.56 x pH — 0.047x pH> +0.04xT x pH . (2)
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6

5 6 7 8 9 10 11 6 8 10 12 14 16
Temperatiira / Temperature, °C Temperatira / Temperature, °C
6. att. MAFAM vidgja skaita atkariba no paraugu 7. att. Koliformu bakt&riju vid&ja skaita atkariba no
temperatiiras un pH paraugu temperattiras un pH
2. kategorijas &dienos, 1g, KVV g, 2. kategorijas &dienos, g, KVV g.
Fig. 6. Average ACC in relation with the sample  Fig. 7. Average TC count in relation with the sample
temperature and pH level in the 2nd category temperature and pH level in the 2nd category
foods, 1g, CFU g'.. foods, Ig, CFU g,

Sis sakaribas determinacijas koeficients #°=0.566, kas salidzindgjuma ar MAFAM pétijumiem liecina
par iegtitas sakaribas un razoSanas datu cieSumu.

Otras kategorijas &dienu pétljumos redzams, ka S$aja &dienu kategorija (6. att.) temperatiirai
nav spécigas ietekmes uz MAFAM skaitu, ja pH ir mazaks par 4.0. Iegita matematiska
sakariba:

MAFAM lg (2. kategorija)=4.42x T —0.17 x T2 — 2.46x pH +0.376x pH® —0.276x T x pH —6.94. (3)

Sis sakaribas determinacijas koeficients #°=0.36, kas lauj izdarit attiecigus secinajumus un liecina par
mingto faktoru ne visai cieSu savstarpgjo ietekmi. Visciesaka temperatiiras un pH sakariba paradas, ja
temperatiira ir augstaka par +11 °C un pH ir augstaks par 4.5. Zemak sniegta iegiita sakariba koliformu
baktériju pétijumu rezultatiem visiem 2. kategorijas €dieniem (7. att.):

TC Ig (2. kategorija)=—5.07 + 0.882x T —0.039x T2 +1.732x pH —0.216x pH> —0.017xT x pH . (4)

Sakaribas determinacijas koeficients #=0.367, kas tomér nav pietickams, lai izdaritu secinajumus par
savstarpgjas ietekmes cieSumu.

8. att€la redzams, ka 3. kategorijas €dienu mikrobiologiska kvalitate ir butiski atkariga no €diena
temperatiras. MAFAM skaits (Ig KVV g') strauji palielinas, ja temperatira ir augstaka par +11°C.
Ediena pH ari ieteckmé MAFAM skaitu, bet ne tik biitiski ka temperatiira:

MAFAM lg (3. kategorija)=0.03x T +0.045x T2 +11.07x pH —0.975x pH > —0.128x T x pH —24.03 (5)

Sis sakaribas determinacijas koeficients #?=0.44, kas norada uz pietickami cie§u savstarpgjo
ietekmi un lauj izdarit secinajumus par S§is ictekmes raksturu. Grafiskais attéls rada, ka temperatiiras
un pH sakariba ir visciesaka, ja temperatiira parsniedz +11 °C un pH ir augstaks par 4.5. legtas
sakaribas liecina par temperatiras izSkiroSo lomu MAFAM un koliformu baktériju skaita
piecaugsana, jo abos gadijumos determinacijas koeficienti ir ar ,,+’° zImi temperatira, kas augstaka
par +10 °C. Savukart pH loma mikroorganismu skaita pieaugSana palielinds, ja temperatiira
parsniedz +15 °C.

96 LLU Raksti 25 (320), 2010, 89-101



T. Marcenkova, M. Rucins Gatavo édienu mikrobiologiskas kvalitates pétijumi

6.5
6
595
51
pH
4.5
4
6 7 8 9 10 11 12 13 14 15 6 8 10 12 14 16
Temperattira / Temperature, °C Temperatiira/ Temperature, °C
8. att. MAFAM vidgja skaita atkariba 9. att. Koliformu bakteriju vidgja skaita atkariba no
no paraugu temperatiiras un pH paraugu temperattiras un pH
3. kategorijas &dienos, lg, KVV g 3. kategorijas &dienos, 1g, KVV g,
Fig. 8. Average ACC in relation with the sample Fig. 9. Average TC count in relation with the
temperature and pH level in the 3rd category foods, sample temperature and pH level in the 3rd
lg, CFU g. category foods, Ig, CFU g’

Tresas kategorijas tradicionalajiem &dieniem raksturiga arl zemaka gatavosanas temperatiira. leglita STs
sakaribas analitiska izteiksme ar determinacijas koeficientu #*=0.731, kas ir pietickami augsts, lai izdarTtu
secinajumus par abu faktoru batisku ietekmi:

MAFAM Ig trad=0.46xT + 0.04x T2 +123x pH —0.93x pH> —021xT x pH —31. 6)

Iegiita sakariba norada uz temperattras izSkiroSo lomu bakteriju skaita pieauguma, jo abiem koeficientiem
attiecigaja temperatiira ir ,,+’* zZime. Temperatiirai parsniedzot +15 °C, pH loma bakteriju skaita pieaugsana
palielinas.

So &dienu mikrobiologiska kvalitate ir batiski atkariga no &diena temperatiras. MAFAM un
koliformu baktériju skaits (Ig KVV g) strauji palielinas (9. att.), temperatiirai paaugstinoties virs +11 °C.
Ar1 &diena pH ietekm@ mikroorganismu skaitu, bet ne tik baitiski ka temperatiira:

TC Ig (3. kategorija)=—20.52+0493x T + 0.027 x T2 + 7.8 x pH —0.627x pH> —0.151xT x pH . (7)

Sis sakaribas determinacijas koeficients 72=0.368.

Turklat, vértejot koliformu baktériju skaita saistibu ar €diena gatavosanas temperatiiru un pH 3. kategorijas
tradicionalajos &dienos, redzams, ka So baktériju skaita pieaugums ir lidzigs MAFAM pieaugumam, tacu
butiskaka ietekme ir &diena pH ITmenim, Tpasi ja temperatiira ir augstaka par +15 °C. To raksturo arT ,,+’
zime ieglitajas sakaribas, ja pH ir mainigs. Rezultati rada, ka &dienu temperattira var but lidz +12 °C.
Talak dota 3. kategorijas tradicionalo &dienu p&tfjumos iegiita matematiska sakariba:

TClg tradic.=1.3xT —0.0087xT> +5.1x pH —0.22x pH?> —0.25xT x pH —18.2. )

legiitais koliformu bakt&riju determinacijas koeficients tradicionalo &dienu paraugos #*=0.837, kas norada
uz temperatiiras, pH un koliformu bakteriju izteiktu savstarpgjas ietekmes likumsakaribu.

Visu &dienu kategoriju un grupu iegiito datu savstarp&jas ietekmes salidzinajums lauj secinat, ka tikai
3. kategorijas €dieniem novérota izteikta temperattras, pH un mikroorganismu skaita savstarpgja ietekme.
It Tpasi augsti determinacijas koeficienti gan MAFAM, gan koliformu baktérijam konstat&ti $is kategorijas
tradicionalo &dienu grupa, kur determinacijas koeficienti ir vistuvak 1.0.
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2. tabula / Table 2

Pétijumu rezultatu MAFAM un koliformu baktériju vidéjo raditaju
kopsavilkums, kas veikts ANOVA analize
Comparison of p values in traditional and untraditional RTE foods by ANOVA analysis

MAFAM vidgjais skaits,

Koliformu baktériju vid&jais

i?“??;;jfizrg% ?}i KVV g '/ Average count skaits, KVV g/ Average count
of ACC, CFU g of TC, CFU g!
1. kategorija / 1st category 3.2x10° 87.0
2. kategorija / 2nd category 2.5%10° 6.8x10?
3. kategorija / 3rd category 7.4x10° 1.1x10*

3. tabula / Table 3

Identificéto mikroorganismu ginsu vidéja skaita kopsavilkums, KVV g
Summary of the average counts of the identified microorganism genera, CFU g

Mikroorganismu gintis / 1. kategorija /

2. kategorija / 3. kategorija /

Genera of microorganisms Ist category 2nd category 3rd category
Bacillus spp. 5.1x10? 1.2x10° 9.3x10°
Staphylococcus spp. 1.2x10? 2.2x10° 4.2x10°
Enterobacter spp. 2.7%x10° 7.5x10* 3.2x10°
Klebsiella spp. 6.1x10° 9.5x10° 9.5x10°
Escherichia spp. 3.8x10* - 3.2x10°¢

P&tfjumu rezultatu analize rada, ka 3. kategorijas
&dienos gan MAFAM, gan koliformu bakteriju
skaits ir augstaks par 1. un 2. kategorijas &dienos
konstatétajiem vidgjiem raditajiem (2. tabula).

Salidzinot ar 3. kategorijas  &dieniem,
1. un 2. kategorijas &dienos koliformu bakteriju
skaits ir izteikti mazaks. Tas ir saistits ar to, ka
1. kategorijas &dieni tiek termiski apstradati un
pasniegti karsti. ArT 2. kategorijas &dieni ir termiski
apstradati, bet velak atdzeséti un pasniegti bez
siltumapstrades. Tapéc par 2. un 3. kategorijas
€dienu  mikrobiologiskas  kvalitates  kritériju
varétu lietot koliformu baktrijas, jo tas ir jutigas
tieSi pret termisko apstradi. Katra no pétitajam
&dienu kategorijam MAFAM un
bakteriju  skaits, identificéto mikroorganismu
gindu un atsevi§ku sugu Tpatsvars butiski atSkiras
(skat. 3. tabulu).

Pétijumu rezultata izstradati rekomend€jamie
mikrobiologiskie kriteriji ~gatavajiem &dieniem
Latvijas  sabiedriskas &dinaSanas uzpémumos
(skat. 4. tabulu). Sos kritérijus ieteicams lietot gala
produktu mikrobiologiskai testésanai.

koliformu

Secinajumi

1. Latvija Sobrid nav radita normativa baze,
kas reglamenttu sabiedriskas &dinasanas
uznémumos gatavoto €dienu mikrobiologiskas
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2.

4.

kvalitates kriterijus. Turpreti ES normativie
akti partikas kvalitates un nekaitiguma
nodros§inasanai nosaka lietot mikrobiologiskos
kriterijus, kas balstiti uz zinatniska riska

novert&jumu.
Kvalitates  kriterijiem neatbilstosi  paraugi
biezak konstatéti, nosakot koliformu

bakterijas, — 25% gadijumu (MAFAM tikai
5.7%). Koliformas baktérijas un MAFAM varétu
lietot ka indikatormikroorganismus €dinasanas
uznémumu tehnologisko procesu higiénas
izverteSanai.

Edienu paraugos galvenokart identificéti saprofiti
unnosaciti patogéni mikroorganismi (32.2 %), bet
seSos gadijumos (3.4%) noteikts Staphylococcus
aureus (2 gadijumos <10> KVV g, kas ir
pielaujamas robezas; 2 gadijumos >103 KVV g'!;
2 gadijumos >10° KVV g kas parsniedz
pielaujamas robezas). Patogénie mikroorganismi
izdaliti retak neka saprofiti un nosaciti patogénie
mikroorganismi.

Noteiktie raditaji  parsniedza pielaujamas
mirkobiologiskas kvalitates robezas 30% &dienu
paraugu. Mikroorganismu skaits atseviskos
gadijumos parsniedza pielaujamas robezas
(g, KVV g! — 697 Klebsiella oxytoca
3. kategorijas &dienos un 9.37 Klebsiella
pneumonia 2. kategorijas €dienos).
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4. tabula / Table 4

Ieteicamie gatavo edienu mikrobiologiskas kvalitates kritériji Latvijas apstaklos
Recommended criteria for the evaluation of microbiological quality of RTE foods in Latvia

Mikrobiologiskie kritériji, KVV g/
Microbiological ctriteria, CFU g'!

apmierinoss

pienemams neapmierinoss

Raditajs, &dienu kategorija / testéSanas  testéSanas rezultats testéSanas I;)(T);f:ri:]/l
Parameter, RTE food category rezultats / / acceptable rezultats / otentiall
satisfactory test result unsatisfactory I()lan erouz
test result test result £
Bakteriju kopskaits (MAFAM) / Total count of aerobic bacteria (ACC)
1. kategorija / 1st category <10? <10? >10° >10°
2. kategorija / 2nd category <10 <10* >10* >10°
3. kategorija / 3rd category <10* <10’ >10° >10°
Indikatormikroorganismi / Indicator microorganisms
Koliformas bakterijas
1.-3. kategorija / <100 ~100 — <10° >10¢ ~10°
Ist-3rd category
Bacillus spp.:
1.-3. kategorija / <10° ~103— <10 >10* ~10°
Ist-3rd category
Enterobacter spp.
1.-3. kategorija / <10? <10° S10° ~10°
Ist-3rd category
Klebsiella spp.
1.-3. kategorija / <100 100 — <10° >10* ~108
1st-3rd category
Patog@nie mikroorganismi / Pathogenic microorganisms
Staphylococcus aureus un citi
koagulazes pozitivi stafilokoki / <90 20— <10 1023 S10°

Staphylococcus aureus and other
coagulase positive staphylococci

Piezime: tabula izveidota, nemot véra pétijuma iegiitos vidgjos rezultatus un atsevisku mikroorganismu sugu iesp&jamo

risku cilvéka veselibai.

Note: the table is drawn up considering the obtained average results and the potential risk of certain microorganisms for

human health.

MAFAM un koliformu baktgriju lielakais skaits
noteikts 3. kategorijas &dienos (50.6% paraugu),
kas skaidrojams ar to, ka Sie &dieni pirms
pasniegSanas netiek termiski apstradati un ir
vairaku sastavdalu un razoSanas faktoru kopums
(vidgji MAFAM — 4.4 1g, KVV g, koliformu
bakt&rijas — 2.2 1g, KVV g).

Edienos identificétas 222 dazadu
mikroorganismu sugas, to skaita 16.9%
paraugos izdalitas 2—-3 mikroorganismu sugas
vienlaicigi. IdentificEto mikroorganismu vida
lielako Tpatsvaru veido Bacillus spp. (23.43%),
Enterobacter spp. (22.52%), Staphylococcus

LLU Raksti 25 (320), 2010, 89-101

spp. (14.4%) un Klebsiella spp. (11.7%), tadel
Sos mikroorganismus varétu ieteikt lietot ka
&dienu mikrobiologiskas kvalitates indikatorus.
7. Analizgta p&tijumos noteikto mikrobiologiskas
kvalitates raditaju savstarpgja ictekmes atkariba
no &dienu pH un paraugu temperatiiras. Lielakie
savstarpgjas ietekmes raditaji  konstatéti
3. kategorijas &dienos, pieméram, MAFAM
determinacijas  koeficients  tradicionalajos
&dienos #*=0.731, kas ir lielaks par
netradicionalajos €dienos noteikto — 7#>=0.581.
Bet koliformu baktérijam determinacijas
koeficients tradicionalajos &dienos #°=0.837,
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kas ir lielaks par determinacijas koeficientu
netradicionalajos &dienos — #?=0.43. Sis
sakaribas liecina par tresas edienu kategorijas
epidemiologisko nozimigumu.

8. Pieradita statistiski nozimiga saisttba MAFAM
un koliformu baktériju skaita atkaribai no
&dienu apstrades un gatavoSanas metodém,
&dienu sastava, izmantoto izejvielu kvalitates un
citiem razoSanas faktoriem, ka arT saikne starp
&dienu temperatiiru paraugu nonemsanas bridi
un paraugu pH. Mikrobiologiska piesarnojuma
risks gatavajos @&dienos ir batiski atkarigs
no &dienu piederibas noteiktai kategorijai,
grupai un veidam, kas savukart ir saistits ar
&dienu sastavdalu raksturojumu un izmantotas
tehnologiskas apstrades metodi.

9. Latvija wvidgji tikai 18-22% &dinaSanas
uznémumu pilniba atbilst higi€nas prasibam, bet
70-80% tam atbilst dal&ji. PEtijuma noskaidrots,
ka 20% aptaujato sabiedriskas &dinaSanas
uzpémumu ikdiena tiek iev@rotas higi€nas
prasibas, bet pargjos 80.0% tiek konstatetas
dazada rakstura neatbilstibas higi€nas prasibam.
Nopietnas higiénas problémas kopuma tika
noverotas 31.2% pétljuma analizéto €dinaSanas
uznémumu. Biezak sastopamas ir partikas
atlaidinasanas (7.3%) un atdzeséSanas (17.1%)
problémas, &dienu uzglabasana neatbilstosa
temperatiira (zemak par +60 °C siltajiem
&dieniem un/vai augstak par+10 °C atdzes@tajiem
€dieniem — 14.6%) un neatbilstibas, kas saistitas
ar produktu saderibu un Skérspiesarnojumu
(4.9%).

10. Pamatojoties uz biezak lietojamo &dienu petijumu
rezultatiem, izstradati Latvijas apstakliem
piem@roti mikrobiologiskas kvalitates kriteriji
un rekomendacijas sabiedriskas &dinasanas
uzn@mumos gatavotajiem &dieniem.

11. Petijuma pieradits, ka mikrobiologiskos krit€rijus
lietderigi lietot ka indikatorus gatavo &dienu
mikrobiologiskas kvalitates izvertésanai.
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Mikrobiala piesarnojuma pakapes noteikSana savvalas dzivnieku
(Capreolus capreolus un Cervus elaphus) gala
Microbiological Pollution Rate of Wild Animal
(Capreolus Capreolus and Cervus Elaphus) Meat

Solveiga Liepina, Aleksandrs Jemeljanovs, Inara-Heléena KonoSonoka
LLU Biotehnologijas un veterinarmedicinas zinatniskais institats ,,Sigra”
Research Institute of Biotechnology and Veterinary Medicine ”Sigra”, LLU
e-mail: sigra@lis.lv

Abstract. In order to obtain high-quality game meat, it is very important to observe strict deer farming and
transporting conditions. Microbiological control of meat is an important factor to provide harmlessness of
food. Our investigations revealed that pH levels in game meat significantly differ between the investigated
species just after shooting and after 72-hour storage: initial pH value in fresh roe deer (Capreolus capreolus)
meat was 5.8, but in fresh red deer (Cervus elaphus) meat — 6.7, whereas after 72-hour storage pH in roe deer
dropped to 5.5, but in red deer — to 5.9. The ratio of the number of Enterobacteriaceae to the total colony
count remained constant during the whole storage period of meat of both animal species, and the number of
Enterobacteriaceae made approximately 60% of the total bacterial count. In the fresh meat of both animal
species stored at the temperature of +4 °C, +8 °C, and +20 °C, microorganisms of Enterobacteriaceae species
prevailed. During storage, roe meat samples demonstrated slower increase in total colony count and faster
growth rate of Enterobacteriaceae compared to red deer meat samples; the exception was storage temperature
of +20 °C when Enterobacteriaceae growth rate in roe meat was comparatively higher. The analysed venison
samples did not contain verotoxin-producing strains of E.coli, which showed that the meat was safe for the
consumers. This was proven by the sequestration reaction of E.coli and by comparison of the obtained results
with the microorganism genome database available on the Internet.

Key words: wild animals, meat, microbiological pollution.

Ievads

Medijumu gala ir kvalitativs, cilvéka organisma
fiziologiskajam prasibam atbilsto$s uzturlidzeklis
ar zemu tauku saturu un ta labu izvietojumu starp
muskulskiedram. Lai gan medijumu galas patérin$ nav
liels salidzinajuma ar majdzivnieku (ciiku, liellopu,
putnu) galu, tomer pieprasijums p&c tas palielinas, un
medTjumu galas ieguve kliist par nozimigu partikas
razoSanas sastavdalu.

P&c Lauksaimniecibas datu centra informacijas,
2010. gada 1. janvari bija registrétas 34 staltbriezu
un dambriezu saimniecibas. Miisu valst1 §Ts netradi-
cionalas lauksaimniecibas nozares (dzivnieku turésa-
na un audzeSana nebrive) vesture nav sena. Audzeta;ji
parsvara izvelgjusies pieradinat staltbriezus (Cervus
elaphus) un dambriezus (Dama dama). Pavisam
Latvija registréti 6255 gan intensivi, gan ekstensivi
nebrive audzeti dzivnieki (staltbriezi, dambriezi), un
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atkariba no briezu audz€Sanas veida audzetaji iegiist
atSkirigas kvalitates produkciju.

Nebrive briezi  c€lusies no
savvalas dzivniekiem, tap&c tiem ir specigi attistiti
izdzivosanas instinkti, kas Jauj veiksmigi eksistet arT
nebrives apstaklos. Dzivnieki tiek audz&ti teritorijas,
kas ir pietickami lielas, tapéc netiek traucéta to
dabiska parvietoSanas. Briezu optimala &dinasana,
kas ir atkariga no dabisko ganibu resursiem un
papildu piebarosanas, lauj tos uzskatit par biologiski
audzgetiem.

Savvalas dzivnieki salidzinajuma ar
majdzivniekiem ir jutigaki pret stresu. Tipiskaka
reakcija uz jebkuriem argjiem kairinatajiem
(pieméram, stresu mediSanas laika) negativi ietekmé
galas kvalitati. Tap&c arT briezu fermas, lai ieglitu
optimalu galas kvalitati, ir svarigi stingri ieveérot
dzivnieku turéSanas apstaklus. Saskana ar Eiropas

audzgjamie
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Parlamenta un Padomes Regulu (EK) Nr. 853/2004
par dzivnieku produktiem vismaz vienai personai,
ta saucamajai ,,apmacitajai personai”, no medniecku
kolektiva japarzina savvalas dzivnieku normala
anatomija, fiziologija un uzvediba, ka ari jaspgj
noteikt dzivnieku izmainitu uzvedibu un patologiskas
izmainas, ko izraisijusi slimiba, vides piesarnojums
vai citi faktori, kas, lictojot uztura $o dzivnieku galu,
varétu apdraudét cilvéka veselibu. Mednieki, kas
pardod medijumus galas parstrades uzp€mumiem,
uzrada medijuma izcelsmi, tadgjadi nodrosinot galas
ieguves procesa izsekojamibu.

Medijamodzivniekukautkermenipéciespgjasatrak
jaatdzes€ Iidz maksimali pielaujamai temperatiirai —
+7 °C (Wiklund, Malmfors, 2004). Kautkermenu
atdzes€$anu kave ta saucamas aponeirozes vai galas
virskartas plévite, kas ciesi parklaj muskulatiiru. Ja
stresa rezultata ir samazinajusas glikogéna rezerves
muskulatiira, tad ir traucéta galas nobriesana. Tadéel
$is process ieilgst un strauji pazeminas galas kvalitate,
t.sk. saisinas medfjumu galas deriguma termins
augsta pH dél, un ta klust siksta (Atanassova, Apelt
et al., 2007).

P&c  noSausanas  dzivnieka
notick biokimiski procesi, kas lidz pé&cnaves
sastinguma rigor mortis iestasanas bridim ilgst
apméram 24-36 stundas (kas ir galas nobrieSanas
process, ja temperatira ir +2—+5 °C). Rigor
mortis veidojas pirmajas stundas péc dzivnieka
noSausanas: muskulatira klist spraiga un saisinas,
vienlaicigi palielinoties  pretestibai un cietibai.
Parasti pécnaves sastinguma laika liement
nedaudz palielinas temperatiira (izdalas siltums).
Biokimiskie procesi turpinds pé&c medijuma
noSausanas: izsikst asinscirkulacija, ziid spgja
sintez€t energiju (veicina muskulatiras sastinguma
iestasanos), izbeidzas audu apgade ar skabekli,
samazinas kermena temperatiira, sak cietét tauki.
Sakas strauji anaerobi glikolitiskie procesi, ka
rezultata glikogéns tiek saskelts 11dz pienskabei u.c.
metabolitiem, kuru daudzums ieverojami palielinas,
kas savukart veicina strauju galas pH Iimena
pazeminasanos. Glikogéna straujas [Tmena izmainas
ir izskaidrojamas ar stresa ietekmi.

Miisu pétijuma staltbriezi tika sadziti speciali
aprikotos, dzivnieku likvidéSanai (noSauSanai)
paredzetos aplokos, kas tiem radija ievérojamu stresu.
Turpretim stirnu galas iegiiSanai dzivnieki netika
paklauti iepriekSminétajiem stresa apstakliem — tie
tika mediti dabigos apstak]os meza ziemas laika.

Lai gan brieza gala uzglabasanai biezi tiek
sasaldéta, nereti to izplata vakuuma iepakotu un

muskulattura
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atdzesetu. Vakuuma iepakojuma galas uzglabasanas
termins ir atkarigs no taja esosa izejmateriala, ka ar1
no galas pH Iimena. Bakt@rijas ar augstu bistamibas
potencialu, pieméram, salmonellas, listerijas u.c.,
vairojas muskulaudos, kuru pH <5.8 (Green, Nattress,
2004), un izraisa produkta bojasanos. Brieza galai ir
maz taukaudu, un, kaut gan pirmskausanas perioda
stress dzivniekos var izraisit paaugstinatu galas pH
ITmeni, ta ietekme uz muskulu pH Itmeni staltbriezu
un ziemelbriezu liement ir nieciga (Wiklund, Drew,
Ahman, 2002).

Svarigs faktors, kas ietekmé galas kvalitati, ir
galas pH, kas samazinas, aerobas glikolizes laika
noardoties glikogénam. Dzivu dzivnieku muskuliem
ir neitrals pH, vai norma tas ir no 7.0 Iidz 7.3. Pirms
kauSanas briezi pardzivo dazadas stresa situacijas,
pieméram, kad tie tiek sadziti ganampulkos,
parvadati un ilgi turéti aplokos. Ta rezultata var
izsikt dzivnieku glikogéna uzkrajumi, kas izraisa
galas pH paaugstinaSanos Iidz ta maksimalai
vértibai—7.0 (Wiklund, Malmfors,2004). Cetrdesmit
miniites péc dzivnieka nokausanas pH samazinas
lidz 5.4-5.7, ko var izskaidrot ar pienskabes
veidosanos no glikogéna glikolizes rezultata.
Uzglabajot brieza galu 1-14 dienas péc dzivnieka
noSaus$anas, tas pH praktiski nemainas. P&c savvalas
dzivnieku noSauSanas strauja pH samazinaSanas
izteikti ietekm& galas organoleptiskas (krasu,
suligumu, garSu, struktiiru) un tehnologiskas (tidens
noturigumu) pasibas.

Nepareizas medijuma apstrades sekas ir galas
sadaliSanas, ko
bakterijas. To var arT veicinat nehigiéniska apieSanas
ar medijumu jebkura no ta apstrades fazém. Parasti
tas notick gadijumos, kad dzivnieks ir sasauts
vedera vai vieta, kas saistita ar lodes ieeju vai izeju
no kermena (Hoffman, Wiklund, 2006; Reinken,
Hartfiel, Korner, 1980). Mikroorganismi izplatas
caur asinsrites sisttmu, kas dzivnieka ievainojuma
gadijuma joprojam funkcioné. No medijumu
galas, tapat ka no majlopu galas, var inficéties ar
mikroorganismiem, kuri ierosina partikas infekcijas.
Tadel, lai noveértetu medijumu galas higi€nisko
stavokli, svarigi noteikt mezofilo aerobo un
fakultativi anaerobo (MAFAM) mikroorganismu
skaitu, Enterobacteriaceae dzimtas mikroorganismu
skaitu  un  mikroorganismu  klatbiitni. Ka
liecina  zinatnieku pétjjumi (Carter, 1990a),
Enterobacteriaceae dzimta ietver sevi 30 baktériju
gintis un vairak neka 120 sugas, no kuram daZas
uzturas dzivnieku un cilvéku zarnu trakta un apkarteja
vide. Daudzas §is dzimtas bakt€rijas ir zinamas ka

izraisa aerobas un anaerobas
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vienas no vispatogé€nakajam un ir visbiezak izdalitas
kultairas laboratorijas.

Misu pétijuma mikroorganismu identificéSanai
un to skaita izvertéSanai stirnu un briezu gala tika
analizéta Escherichia coli (E.coli) un mezofili
aerobie un fakultativi anaerobie mikroorganismi.
Péc morfologijas E.coli ir gramnegativas nijinas,
fakultativi anaerobas, nesporul&josas, fermentativas,
oksidazes negativas un katalazes pozitivas. Visi gints
parstavji spgj fermentét glikozi un reducét nitratus,
tiem nav citohromoksidazes, parsvara tie ir kustigi
un parasti saistiti ar zarnu infekcijam, sastopami ari
apkartgja vide.

Patogénie mikroorganismi, kas nonak cilvéka
organisma ar dzivnieku izcelsmes partiku, biezi vien
izraisaar partiku saistitas infekcijas slimibas. Patogéno
baktériju noteiksana ar tradicionalajam metodém ir
apgritinata, jo mikroorganismi biezi ir neliela skaita
un tiek nomakti ar organisma vietgjo mikrofloru. Lai
atvieglotu un paatrinatu patogé€no mikroorganismu
noteikSanu un palielinatu identific€Sanas jutibu
(Olsen, 2000), dazadu bakterialo infekciju diagnostika
aizvien vairak tiek izmantotas dazadas molekularas
biologijas un genétisko izmeklgjumu metodes
(Olsen, 2000). Galas mikrobiala kontrole ir svarigs
faktors partikas nekaitiguma nodro§inasana. Sim
nolikam arvien vairak tiek izmantotas tehnologijas,
kas mikroorganismus identifice un klasificé
DNS Iimeni (Tutenel, Pierard et al., 2003); viena no
biezak izmantotajam ir polimerazes kédes reakcija
(PCR — anglu val. Polymerase Chain Reaction)
(Olsen, 2000).

Merkis un uzdevumi
Pétijuma mérkis bija noskaidrot un izvertet

savvalas stirnu (Capreolus capreolus) un nebrivé
staltbriezu  (Cervus elaphus) galas
mikrobiala piesarnojuma pakapi uzglabasanas laika
dazados temperatiiras reZimos. Sim nolikam tika
izvirziti uzdevumi:

1) noteikt savvalas dzivnieku galas pH sakuma
perioda un izmainas uzglabasanas laika;

2) péetit dzivnieku galas mikrobialo
piesarpojumu tas glabasanas laika dazadas
temperatiiras, pielietojotklasiskasmikrobiologijas
metodes;

3) veikt mikroorganismu identificéSanu savvalas
dzivnieku gala un noteikt no galas izdalito
mikroorganismu atbilstibu sugai, pielietojot
molekularas biologijas metodi — PCR;

4) iegitos rezultatus salidzinat ar mikrobiologijas
metodém (klasisko un PCR) un noskaidrot, vai

audzgjamo

savvalas
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kads no celmiem nesatur patoge€nos verotoksinus
producgjosos génus.

Materials un metodes
Paraugu iegiiSana

No 2009. gada oktobra Iidz 2010. gada janvarim
medibu sezonas laika tika iegtiti 40 savvalas dzivnieku
galas paraugi: 20 stirnu (Capreolus capreolus) galas
paraugus ieguva vairaki medibu kolektivi oficialas
medibas un 20 nebrivé audzgtu staltbriezu (Cervus
elaphus) galas paraugus ieguva divas Vidzemes
briezaudzetaju saimniecibas.

Medibu veidi un pamatapstakli

Savvalas medijamie dzivnieki tika mediti dzingju
medibas dazados medibu kolektivos, bet nebrivé
audzetos dzivniekus nosava speciali paredzeta aploka
briezu audz@Sanas saimniecibas. Vairuma gadijumu
medibas ilga vairak neka tris stundas. P&c dzivnieku
nosausanas 15-20 minGsu laika no kautkermeniem
tika iznpemti ieks€jie organi. P& medibu beigam
visus noSautos dzivnieckus nogadaja galas parstrades
uznémuma, kur to liemenus péc apstrades ievietoja
atdzes€Sanas kamera +7 °C temperatiira.

Analizéjamie paraugi

Ievérojot  standarta LVS ISO17604:2005
,Partikas un dzivnieku baribas mikrobiologija.
Mikrobiologiskai paredzétu  paraugu
nemsana no liemena” noteikto metodiku, galas
parstrades uznémuma no muskulatiiras tika nopemti
svaigas galas paraugi: no kautkermena atseviskam
dalam nonéma adu, un péc tam ar sterilu perforatoru
no katra kautkermepa muskulatiras — garaka
jostas muskula (m.longissimus lumborum), ciskas
divgalvaina muskula (m.biceps femoris) un pleca
trisgalvaina muskula (m.triceps brachii) — panéma
tris paraugus (masa — 0.250 kg, kopgja virsma —
20 cm?).

Iegtito 40 svaigas galas paraugu (no 20 savvalas
stirnam un 20 nebrivé audzétiem brieziem)
mikrobiologiska piesarnojuma pakapes pétiSanai
mikrobiologiskas analizes un polimerazes k&des
reakcija tika veiktas LLU Biotehnologijas un
veterinarmedicinas zinatniskaja institita ,,Sigra”.
P&tnieciba izmantojam metodes, kas apskatitas sadala
»Analizu metodika”. legiitos rezultatus savstarp&ji

analizei

salidzinajam.
Galas paraugiem vienlaicigi tika noteikts
sakotngjais mezofili aerobo un fakultativi

anaerobo mikroorganismu (MAFAM) skaits un
Enterobacteriaceae dzimtas baktériju skaits.
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Nemot v&ra nepiecieSamibu noteikt optimalako
galas uzglabaSanas temperatiru, galas paraugus
aseptiskos apstaklos sadalija trijas dalas uzglabasanai
dazadas temperatiiras (+4 °C, +8 °C un +20 °C) un
dazados terminos: 12, 24, 48, 72, 96, 120, 144 un
168 stundas jeb 7 diennaktis.

AnaliZzu metodika

Galas paraugu pH noteikts saskana ar LVS
ISO 2917:2004 standartu galas un galas produktu
pH noteikSanai (references metode), izmantojot
~JENWAY 3520 pH Meter” iekartu. pH
potenciometriskais mérijjums balstas uz elektrisko
potencialu atskiribam starp mérijumu elektrodu un
atsauces elektrodu pierakstu specifiska temperatiira.

Paraugu sagatavoSana mikrobiologiskai
testéSanai tika veikta saskana ar standarta LVS EN
ISO 6887-2:2004 ,,Partikas un dzivnieku baribas
mikrobiologija — testéSanas paraugu, sakotngjas
decimalskidumu  sagatavoSana
mikrobiologiskam parbaudém — 2. dala: Tpasi
noteikumi ka sagatavot galu un galas izstradajumus”.
AtSkaidljumu pagatavoSanai tika izmantots sals—

suspensijas  un

peptona Skidums (Maximum recovery diluent,
OXOID, CM0733).
Mezofili aerobo un fakultativi anaerobas

(MAFAM) mikrofloras skaits paraugos noteikts
saskana ar standartu LVS EN ISO 4833:2003
,Partikas un dzivnieku baribas mikrobiologija.
Mikroorganismu skaitiSanas horizontala metode.
Koloniju skaitiSsanas metode pie +30 °C.”

Enterobacteriaceae skaits noteikts saskana ar
standartu LVS ISO 21528-2:2004 ,Partikas un
lopbaribas mikrobiologija — Enterobacteriaceae
dzimtas bakteriju klatbiitnes un skaita noteikSana
ar horizontalmetodém — 2. dala: metode ar koloniju
skaitiSanu”. skaits noteikts,
izmantojot selektivas barotnes (Macconkey I Agar,
Becton Dickinson, USA).

Vienlaicigi tika noteikts mikroorganismu skaita
augSanas atruma izmainu raditajs (Y), kas raksturo
iespgjamo produkta uzglabasanas ilgumu — laiku,
kura mikroorganismu skaits sasniedz kritisko [Tmeni.
Raditaja vertiba ir atkariga no temperatiiras un
sakotngja produkta bakteriala piesarnojuma limena.

Mikroorganismu  augSanas raditaju
aprékinaja, noverojuma perioda sakuma un beigas
noteikto mikroorganismu skaita starpibu izdalot ar
novérojuma perioda ilgumu (stundas vai dienas):

Enterobacteriaceae

atruma

Y=B-A)-T"', (1)
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kur
Y - bakteriju skaita izmainu augSanas
atruma lg, kvv g h';
A — perioda sakuma noteikta
mikroorganismu skaita 1g, kvv g';

B - perioda beigas noteikta
mikroorganismu skaita 1g, kvv g;

T - perioda ilgums, h.

Ta ka bakteriju augSanas — skaita izmainu —
raksturs ir eksponencials, mikroorganismu augsSanas
atruma aprékinam izmantojam transformétas bakteriju
skaita decimala logaritma (1g) vertibas, kuru regresija
ir tuva linearai izteiksmei.

Zinot sakotn&jo bakteriala piesarnojuma Iimeni un
balstoties uz aprékiniem konkr&tam temperatiiram, ka
arT izmantojot augSanas atruma linearo vienadojumu,
var sastadit novert€juma matricu ar paredzamajiem
uzglabasanas ilgumiem (terminiem) vai arl péc
Y vértibas un noteikta sakotngja piesarnojuma
var aprékinat uzglabasanas laiku konkrétai galas
partijai:

H=Y xA, 2

kur

H - paredzamais droSas

ilgums, h;

uzglabasanas

Y - bakteriju skaita izmainu augSanas
atruma lg, kvv g' h'';
A - sakotngji noteiktais mikroorganismu
skaita Ig, kvv g,

Lai apstiprinatu mikrobiologisko rezultatu,
papildus klasiskajam mikrobiologiskajam metodém
tika izmantota arT PCR tehnika. No 80 analiz&tajiem
paraugiem tika atlasiti 8 paraugi (10%), un reakcija
tika veikta gan sakotngjam materialam (t.i.,
staltbriezu galas paraugiem), gan ari jau izol&tai
tirkultGrai. Sakuma no izvE€lStajiem paraugiem
tika izdalita DNS, izmantojot DNeasy Blood and
Tissue Kit (Qiagen) audu paraugu un gram-negativo
bakteriju DNS izdaliSanas protokolu. P& tam ar
spektrofotometru NanoDrop (Applied Biosystems)
tika parbauditas izdalito DNS koncentracijas un
tiriba. M@rfjumi liecingja, ka iegltas tirkultliru
DNS ir tiras, tomér to koncentracija ir inhibgjosa
PCR wveikSanai. Savukart galas paraugu DNS
koncentracijas atbilda vajadzigajam, tade] netika
veikta to atSkaidiSana. Pirms PCR veikSanas
tirkulttiru DNS paraugi tika atskaiditi lidz aptuvenai
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1. att. pH vidgja limena izmainas savvalas dzivnieku galas paraugos péc 12—72 stundu (galas vertibas
stabilizacijas laiks) uzglabasanas +4 °C temperatiira: 1 — pH stirnam; 2 — pH staltbrieziem.
Fig. 1. Changes in mean pH values of game meat samples after 12—72 hours (value stabilization time) of
storage at the temperature of +4 °C: 1 —roe deer; 2 —red deer.

koncentracijai 100 ng ml', kas ir optimala reakcijas
veiksanai.

Lai apstiprinatu mikrobiologiskajas analizgs
konstatéto E.coli Kklatbuitni galas paraugos un
izolétas E.coli celmu tirkulttras, 10% izmeklgjumu
(8 galas paraugiem un 8 E.coli celmu tirkultiru
paraugiem) papildus klasiskajam mikrobiologiskajam
metodém tika izmantota PCR tehnika, pielietojot
randomizacijas metodi. Sakuma no izvéletajiem
paraugiem tika izdalita DNS, izmantojot DNeasy
Blood and Tissue Kit (Qiagen) audu paraugu un
gram-negativo bakteriju DNS izdaliSanas protokolu.
PCR ari veicam, lai noskaidrotu, vai kads no celmiem
nesatur patog€nos toksinus producgjosos genus
VT1 un VT2 un intimina génu eacA, kuri kalpo par
piesaistes vietu toksiniem.

Ar PCR izdalitas FE.coli identifikacija tika
parbaudita, ieglitos datus saskanojot ar Nacionala
centra biotehnologiskas informacijas datu bazi
(National Center for Biotechnology Information).
Parbaudot  sekvencéSanas  datu  korektumu,
izmantojam Sekvences salidzinasanas datu bazi
(Sequence Similarity Search — BLAST).

Mikroorganismu kvv absoliitais skaits tika
izteikts logaritmos pie bazes 10. Datu apstrade
veikta ar matematiskas statistikas metodém.
Metozu  novért§jumam  un  salidzinajumam
izmantota regresijas analize, izmainu batiskums
parbaudits ar dispersiju salidzino$iem
testiem.
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Rezultati un diskusija

Savvalas stirnu (Capreolus capreolus) un
nebrive audzétu staltbriezu (Cervus elaphus)
galas pH izmainas

Ziemas apstakli medibu laika un
apkartgjas vides zema temperatiira veicindja strauju
nosauto stirnu un staltbriezu kermenu atdziSanu.
P&tijumi paradija, ka galas sakotngjais pH Iimenis, ka
arT ta samazinaSanas pétitajam sugam bitiski atskiras
(1. att.). Misu pétjjuma minimalas pH vertibas
stirnas galai talit p&c noSausSanas bija 5.8, bet briezu
galai — 6.7. Péc A. Sproges datiem (2000) dzivnieku
dzives laika pH to muskulaudos ir tuvu 7.2, talit
pec atasinoSanas pazeminas lidz 6.0-7.0, bet vélak
samazinas [idz minimumam — 5.4 [idz 5.6.

1. attela redzams, ka sakotngji vidgjais pH
stirnu galas paraugos bija 5.8, bet péc 72 stundu
uzglabasanas samazinajas lidz 5.5. Savukart briezu
galas paraugos sakotngjais pH bija augstaks (6.7)
un péc 72 stundu uzglabasanas samazinajas lidz
5.9. Ka norada H. Sielaff (1996) un M. M. Carlos
Sanudo, J. L. Campo et al. (2007), galas izturibu pret
bojasanos nodrosina pH: vides pH klustot skabakam,
pienskabes uzkraSanas rezultata galas uzglabasanas
laiks pagarinas.

Galas pH batiski ietekm@ mikroorganismu
attistibu (Diagnostic Procedures ..., 1981). Katrai
mikroorganismu grupai ir savs pH intervals,
piem&ram, Escherichia spp. pH—4.0-9.0. Ta ka viens
no svarigakajiem bakteriju augSanu noteicoSajiem

s€zonas
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faktoriem ir pH, tad enterobaktgriju skaita pieaugumu
stirnu gala var pamatot ar pH izmainam (sakuma —
5.8, bet velak samazinajas [1dz 5.5). Sakotngja stirnu
galas pH vertiba liecina par to, ka, medibam notiekot
ziemas méne$os, stirnas tiek noSautas mierigos
apstaklos, bez stresa, tas nav bijusas nogurusas. Sie
noveérojumi sakrit arT ar V. Atanassova, J. Apelt et al.
(2007) atzipam.

Miisu pétijumos augstais sakotngjais pH ltmenis,
t.i., 6.7, briezu gala liecina par dzivnieku stresu pirms
nosausanas. To var€ja novérot, staltbriezus dzenot
aplokos, kas bija paredz&ti speciali $im mérkim.
Augstais pH Itmenis gala, ko konstatgja p&c dzivnieka
nodirasanas, liecina par lielu Gidens noturibu gala, jo
vel nebija notikusi organisko skabju veidosanas. Ka
norada pétnieki (Wiklund, Drew, Ahman, 2002),
galas uzglabasanas laika, kad biokimiskas bojasanas
procesi notiek atrak, galas deriguma termins saisinas,
kas savukart ir biitisks galas kvalitates defekts. Ja pH
Itmenis ir paaugstinats (6.7), brieza gala ir cietaka
neka tad, ja galas pH ir normals (5.5-5.8). Literatura
atrodams, ka staltbriezu galas maksimala pH vértiba
pasliktina produktu kvalitati un samazina galas
deriguma terminu (Gill, 2007; Wiklund, Malmfors,
2004). G. Reinken, W. Hartfiel un E. Korner (1980)
atzime: ja galas pH ir 5.5, ta ir daudz maigaka neka
gala, kuras pH ir robezas no 5.8 Iidz 6.0. Misu
pétjuma pH 5.5 bija stirnu galai, ko uzglab3ja
72 stundas.

Svaigas galas maksimalo pH veértibu nosaka
apméram 24 stundas péc dzivnieka noSauSanas.
Medijumu svaigo galu raksturo ar trim burtiem — DFD
(no anglu val. dark, firm, dry — tumsa, cieta, sausa),
kas ir pastavigs majdzivnieku galas kvalitates defekts.
DFD majdzivnieku galu nevar iepakot vakuuma, jo
tas saisina galas deriguma terminu, ka ar7 ievérojami
izmaina galas krasu, struktiiru un tidensnoturigumu
(Wiklund, Drew, Ahman, 2002). Turpretim vakuuma
iesainotas brieza galas uzglabaSanas termins -1 °C
temperatiiras rezZima var bit pat lidz 18 nedglam
(Wiklund, Malmfors, 2004).

Uzglabajot galu, viens no galvenajiem tas
bojasanas veidiem ir galas virsmas glumeSana. P&c
D. Karklinas, A. Blijas u.c. (2005) secinajumiem,
viens no svarigakajiem §1 mikrobiologiska riska
veidosanas tehnologiska procesa etapiem ir
izejvielas sagatavoSana. Lai izvertétu svaigas galas
uzglabasanas laika ietekmi uz produkta bojasanos,
autori ir pétjusi amino-amonija slapekla veidosanas
dinamiku. Galas olbaltumvielam sadaloties, ptisanas
procesa tiek sarautas olbaltumvielu peptidu saites
(-CO-NH-), ka rezultata palielinas brivo amino-
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un karboksilgrupu skaits. Vienlaicigi notiek
aminoskabju dezaming&Sanas, kas ir saistita ar amonija
savienojumu uzkrasanos. Attiecigi gala palielinas
slapekla aminogrupu un slapekla amonija (amino-
amonija slapekla) daudzums. Visu iepriek§ min&to
procesu rezultata, kurus veic gala vai uz tas virsmas
atrodoSies mikroorganismi, notiek galas sadaliSanas
un tas uzturveértibas pazeminasanas.

V. Hozjajevs (Xosses, 2002) ir konstatgjis, ka
medijamo dzivnieku galas nobriesana notiek 1&nak
neka liellopu galai, ko vins skaidro ar stresa aptakliem
pirms dzivniekanoSausanas, kad pastiprinati palielinas
glikogéna patérins. Lielo medijamo dzivnieku gala
nobrieSanas procesa izmainas — nokrasa mainas
no tumsi sarkana tona uz gai$aku, bet vélak paliek
tumsi briina vai atkal tumsi sarkana, smarza kliist
aromatiskaka un struktira mikstaka. Nobriedusas
medijuma galas tums$o nokrasu dalgji iespaido
dzivnieka nepilniga atasinoSana noSausanas bridi.

DazZzados temperatiiras reZimos uzglabatas
savvalas dzivnieku galas mikrobialais
piesarnojums

Misu pétfjumi liecindja, ka medijamo dzivnieku
galas uzglabasanas terminS  visas parbauditajas
uzglabasanas temperatiiras (+4 °C,+8 °Cun+20 °C) ir
ierobezots. Pat +4 °C temperatiira nevargja nodro$inat
abu dzivnieku sugu galas atbilstoSu mikrobialo
kvalitati, jo MAFAM skaits uzglabasanas laika
palielinajas, p&c 168 stundam 1.4 reizes parsniedzot
nekaitiguma kriterijus. Iesp&jams, viens no c€loniem
ir saistits ar iek$€jo organu traumu evisceracijas
laika, ko ietekmé&ja nepietickama kautuves stradnieku
kvalifikacija. Literatira ir norades (Gill, 2007), ka
galas kvalitates nodroSinasana biitiska nozime ir
laika periodam, no dzivnieka no$ausanas Iidz bridim,
kad ta liemenis tiek ievietots atdzes€Sanas kamera.
Pétijumos (Lawrie, Ledward, 2006; Donnison,
Ross, 2004) konstatéts, ka jau dazu stundu laika
péc liemena apstrades sakas svaigas galas bojasanas
process — mikroorganismu skaits uz galas virsmas
strauji palielinds. ST procesa rezultata gala kliist
vizuali nepievilciga — izmainas tas krasa —, un Tsa
laika gala kliist bistama patérétajam.

Galas kontaminacija ar mikroorganismiem ir
neizb&gama — uz tas var nokliit pasa dzivnieka zarnu
mikroflora, kura var saturét ap 3.3x10" bakteriju
§tnu. Art apkartgja vide (zemsedze), mednieka rokas,
apgerbs un apstrades instrumenti ir galas piesarnojuma
avots (Reinken, Hartfiel, Korner, 1980). Vairosanas
procesa bakterijas un mikroskopiskas sénes sadala
gala esosas organiskas vielas, kas boja galas kvalitati,
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1. tabula / Table 1

Savvalas dzivnieku galas paraugos noteikto MAFAM un enterobakteriju skaita vidéjas vertibas
atkariba no galas uzglabasanas ilguma un temperatiiras
Mean total colony count and mean number of Enterobacteriaceae in game meat samples depending on
meat storage time and temperature

Uzglabasanas

Dzivnieku un mikroorganismu sugas / Species of animals and microorganisms

temperatura un

ilgums / Storage stirnas / roe deer

staltbriezi / red deer

temperature and MAFAM /

MAFAM /

time TCC Enterobacteriaceae TCC Enterobacteriaceae
laiks / Ig, lg, lg, Ig,
°C time, kvv/cfu STD  kvv/cfu STD kvv/cfu STD  kvv/cfu STD
h g g’ g’ g

12 7.41 0.85 3.87 0.79 6.84 0.92 3.96 0.79

24 7.28 0.55 4.10 0.75 6.99 0.73 4.14 0.75

48 7.63 0.17 4.15 0.74 7.45 0.46 4.28 0.74

4 oC 72 8.16 0.57 4.28 0.63 7.97 0.47 4.59 0.63
96 8.65 0.33 4.87 0.79 8.50 0.39 5.03 0.79

120 8.85 0.79 5.35 0.58 8.78 0.43 5.39 0.58

144 9.24 0.69 5.58 0.40 9.06 0.33 5.46 0.40

168 9.54 0.29 5.73 0.26 9.38 0.31 5.68 0.26

12 7.41 0.85 3.87 0.73 6.84 0.92 3.76 0.79

24 7.37 0.56 3.86 0.34 7.34 1.03 4.06 0.66

48 8.05 0.67 3.82 0.54 7.97 0.76 4.20 0.76

. 72 7.97 0.15 4.58 0.34 8.45 0.63 4.65 0.64
we 96 8.79 0.51 5.18 0.20 8.74 0.53 5.11 0.44
120 9.17 0.46 5.59 0.47 9.24 0.50 5.55 0.48

144 9.36 0.40 5.70 0.15 9.49 0.54 5.75 0.33

168 9.73 0.39 5.83 0.19 9.94 0.36 5.92 0.24

12 7.41 0.85 3.87 0.79 6.84 1.01 3.76 0.64

+20 °C 24 8.60 0.21 5.07 1.14 8.47 0.41 4.93 0.99
48 9.55 0.48 6.75 0.70 9.40 0.56 6.19 0.91

izdalot kaitigus metabolisma produktus, pieméram,
toksinus, kas var biit bistami patérétajam.

Analiz€jot galas paraugus pirms to ievietoSanas
atdzes@Sanas kamera, tika konstatéts ievérojams galas
virsmas mikrobialais piesarnojums: bakteriju kvv g’
kopskaita lg stirnu galai bija 7.41, bet briezu
galai — 6.84; savukart enterobaktériju kvv g
kopskaita 1g — attiecigi 3.87 un 3.96. legitie rezultati
paradija, ka stirnu un brieZzu galas mikrobialais
piesarnojums  pirms uzglabasanas  parsniedza
nekaitiguma krit€riju robezvértibu — 5x10° kvv g
(10%=l1g 6) (Komisijas Regula (EK) Nr. 2073/2005).
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Mikrobiologisko pétijumu rezultati dazados
temperatiiras rezimos un dazados laika periodos
paraditi 1. tabula. P&tijumi liecina, ka medijumu galas
piesarnotiba sakas jau medibu procesa un medijumu
higiena un noSauto dzivnieku galas kvalitate ir
atkarigas no mednicka prasmes, atticksmes un
trapljuma precizitates. Liela nozime ir arT dzivnieka
veselibas  stavoklim pirms Labas
kvalitates medijumu galu var iegit tikai tad, ja stingri
tiek ieverotas higi€nas prasibas: noteikumi medijuma
transportgSanai un liemena apstrades procesam, ka ar1
minimalais laiks no medijuma apstrades I1dz liemena

noSausanas.
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atdzes@Sanai un talakai parstradei (Atanassova, Apelt
et al., 2007).

Ka atzimeé V. Atanassova, J. Apelt et al. (2007) un
E. Wiklund, K. R. Drew, B. Ahman (2002), svarigi
ir kontrolét, lai dzivnieks, kas ievainots védera, tiktu
nos$auts atrak un nenotiktu muskulatiiras piesarnosanas
ar zarnu mikrofloru. Lai nodrosinatu galas kvalitati,
svarigs ir arT galas
Nepietickamas medijumu galas nogatavinasanas
rezultata tai ir augsti metabolisma atliekvielu
raditaji. Apstakli galas izturéSanas laika var paatrinat
metabolisma procesus liemena muskulatiira.

Misu rezultati sakrit ar citu pétnieku (3ayme,
Ipaiitep, 1985; Lawrie, Ledward, 2006)
secinajumiem, ka partikas higiénas prasibam
atbilstosu galas kvalitati var nodrosinat, galu
uzglabajot temperatiira no 0 lidz -10 °C. Vairums
bakt&riju parstaj augt un vairoties -10 °C temperatiira,
un Iidz ar to tiek partraukti arT taukus un proteinus
SkeloSo fermentu veidoSanas procesi.

Identificgjot dzimtas
baktérijas sugu Itmeni, konstatéjam, ka visbiezak
galu kontamin&ja FEscherichia coli, Escherichia
freundii,

Pantoea agglomerans, Klebsiella pneumoniae un

nogatavinasanas process.

Enterobacteriaceae

Hafnia alvei, Kluyvera cryocrescens,
Enterobacter cloacaea. Ka briezu galas sporadisks
infekcijas avots literattira tiek minéta E.coli O157:H7
(Carter, 1990b; Rabatsky-Ehr, Dingman et al., 2002).
Ar S0 celmu staltbriezi var kontamingties ganibas,
kuru piesarpojumu izraisfjuSas mikroorganisma
nésatajas — govis. Arl pasi staltbriezi var but §1
mikroorganisma Tslaicigi n@sataji (Mshar, 2002).
Literatiira minéti arT citi ierosinataji, kas var
piesarnot galu un var biit bistami cilvéka veselibai.
Dz.Hoults, N. Krigs u.c. (Xoynr, Kpur u ap., 1997)
norada veselu virkni medfjumu galas piesarpotaju —

cilveku veselibai bistamu nosaciti patog€nu
mikroorganismu:
— nosaciti patog€na gramnegativa nijinveida

bakterija — Hafnia alvei —, kura var biit bistama
cilvekam, jo vairojas asinis un urincelos vai
briicés rada lokalizétas infekcijas;

—  Kluyvera gints baktgrijas, kas sastopamas augsné
u.c. apkartgja vide, tapéc viegli var noklat uz
nomedtto dzivnieku liemenu virsmas vai gala;

—  Pantoea agglomerans, kas ir sastopami augsng,
tidenT un uz augiem;

— Klebsiella gints bakterijas, kuras var ierosinat
bakterémiju, pneimoniju un urincelu infekcijas.

Pie Enterobacteriaceae dzimtas pieskaitamas

Escherichia, Citrobacter, Enterobacter, Serratia,

Klebsiella, Hafnia u.c. ginSu baktérijas, kuras
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ir fekala piesarpojuma indikatororganismi. Arl
enterobakt@riju skaits medijumu gala norada uz tas
ieguves un pirmapstrades sanitari higi€niskajiem
apstakliem (Latham, 1997).

Minéto  mikroorganismu  sugu  parstavjus
izdalfjam ar savos pétijumos — visbiezak: Hafnia
alvei, Pantoea agglomerans, Kluyvera cryocrescens.
Mikroorganismu izplatiSanas gala ir atkariga
no mikrofloras dzimtas un galas uzglabasanas
temperatiiras un ilguma. Anaerobie mikroorganismi
vispirms sak attistities kautkermena locitavu un
kaulu tuvuma un lielajos asinsvados, intensivi
Skelot olbaltumvielas un veidojot aminus, putrecinu,
kadakerinu, muskarinu, neirinu, indolu un skatolu.
Nepietieckama gaisa cirkulacijas apstaklos gala sak
vairoties arT pelgjumu sénites.

Apkarteja  gaisa  temperatliras  ietekm@
mikroorganismi, kas mit liemena dobuma un uz audu
griezuma virsmam, turpina vairoties — jo augstaka
temperatlira, jo straujaka vairoSanas. Turpmaka
mikroorganismu vairoSanas gala notiek laika, kad
liemeni pirms to sadaliSanas tiek turéti dzes€Sanas
temperatiira. Ka paradija misu pétijumi, liemenu
sakotngéjo un turpmako mikrobiologisko stavokli
ietekm& pasa medfjuma piesarnojuma intensitate
un izteikti augstais piesarnojums logaritmos,
tade] iegltas galas mikrobiologiskie raditaji ir
stipri atSkirigi. Kliniski veselu noSautu medijamo
dzivnieku audi nebija mikrobiali piesarpoti. Dzilo
muskulaudu piesarnojums ir iesp&jams gadijumos,
kad noSauSanas laika dzivnieka tiek ievadits liels
daudzums mikroorganismu, kas nekavgjoties pa visu
ta kermeni tiek izn€sati ar asinim (Gill, 2007).

No 1. tabula un 2. attéla dotas informacijas
redzams, ka MAFAM kvv g'! kopskaita lg stirnu
gala, uzglabajot to 168 stundas +4 °C temperatiira,
palielinajas no 7.41 pirms uzglabasanas uzsakSanas
lidz 9.55, bet staltbriezu gala kvv g' kopskaita Ig —
atbilstosi no 6.84 Iidz 9.40. ArT enterobakteriju skaits
gan stirnu, gan briezu gala palielingjas [idzvertigi.

Uzglabajot galu +8 °C temperattira 168 stundas,
(1. tabula, 3. att.), MAFAM kopskaits stirnu gala
palielinajas no 7.41 pirms uzglabasanas uzsakSanas
lidz 9.73 1g kvv g, bet staltbriezu gala — atbilstosi
no 6.84 1idz 9.94 1g kvv g'. Ta ka galas paraugi jau
pirms uzglabasanas +8 °C temperatiira bija stipri
kontamingti, tad uzglabasanas laika MAFAM skaits
abam grupam 1.5 reizes parsniedza nekaitiguma
kritérijus. Ka stirnu gala, ta arT staltbriezu gala
palielinajas ar1 Enterobacteriaceae bakteriju skaits.

Salidzinot stirnu un staltbriezu galas paraugu
mikrobiologisko analizurezultatus, visos temperattiras
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2. att. MAFAM un enterobaktgriju augSanas liknes +4 °C temperatiira uzglabatos savvalas dzivnieku galas
paraugos: 1 — MAFAM stirnam; 2 — MAFAM staltbrieziem; 3 — Enterobacteriaceae stirnam;
4 — Enterobacteriaceae staltbrieziem.
Fig. 2. Growth curves of TCC and Enterobacteriaceae in game meat samples stored
at the temperature of +4 °C: 1 — TCC in roe deer; 2 — TCC in red deer; 3 — Enterobacteriaceae in roe deer;
4 — Enterobacteriaceae in red deer.

rezimos netika konstattas butiskas atSkiribas starp
mikroorganismu kvv g'! skaita lg izmainam (p=>0.05).
Tatad mikroorganismu kopskaits gala nav atkarigs no
dzivnieka sugas. Mikroorganismu augsanas dinamika
netika pieraditas butiskas atSkiribas (p=>0.05) starp
uzglabasanas rezZimiem +4 °C un +8 °C temperatiira
(2.-3. att.).

Palielinoties galas uzglabasanas ilgumam un
temperatiirai paaugstinoties Iidz +8 °C, attiecigi
palielinajas art MAFAM un enterobakt@riju skaits.
Uzglabajot galu +20 °C temperatiira, jau 48 stundu
laika gan MAFAM, gan arT enterobakteriju skaita
lg sasniedza tadu mikrobiala piesarnojuma ltmeni,
kads bija +4 °C un +8 °C temperatira 168 stundas
uzglabatai galai (1. tabula).

Mezofilo bakteriju un enterobakteriju
mikroorganismu vairo$anas (augsanas atrums, izteikts
lg kvv g! h'!) stirnu un nebrivé audzetu briezu gala
atkariba no uzglabaSanas temperatiiras atspogulots
2. tabula.

MAFAM augsanas atrums (Ig kvv g! h') stirnu
gala +4 °C temperatiira palielinajas Iidz 0.0127, bet
+8 °C temperattra — Iidz 0.0138; savukart staltbriezu
gala — attiecigi lidz 0.0151 un 0.0185. MAFAM
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augSanas atrums (Ig kvv g h'') +20 °C temperatira
stirnu gala bija 0.0448, bet staltbriezu gala — 0.0534.

Enterobakteriju aug8anas atrums (Ig kvv g' h')
+4 °C, +8 °C un +20 °C temperatura stirnu gala
palielinajas attiecigi lidz 0.0111, 0.0116 un 0.0599,
bet staltbriezu gala — attiecigi [idz 0.0102, 0.0128 un
0.0507.

Var secinat, ka MAFAM augSanas dinamika
stirnu gala ir lénaka neka staltbriezu gala, bet
enterobakteriju augsanas atrums stirnu gala ir straujaks
(iznemot +20 °C temperatira) neka briezu gala.

Mikroorganismu augSanas intensitate dazados
paraugu uzglabasanas laikos un temperatiiras ir
atSkiriga.

Medijjumu galas paraugu mikrobiologiskie
izmekl&jumi radija, ka MAFAM daudzums tajos ir
relativi liels un péc 12 stundam stirnu gala kvv g
skaita g sasniedza 7.41, bet staltbriezu gala — 6.84.
Var secinat, ka MAFAM skaits +4 °C temperatiira
uzglabata medijumu gala parsniedz maksimali
pielaujamas robezas jau pirmajas 12 stundas.
Ar1 pargjos uzglabasanas temperatiiras rezimos
bija parsniegts maksimalais MAFAM daudzums.
P&tijuma rezultati liecina, ka mikroorganismu skaita
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3. att. MAFAM un enterobakt€riju augSanas liknes +8 °C temperatiira uzglabatos savvalas dzivnieku galas
paraugos: 1 — MAFAM stirnam; 2 — Enterobacteriaceae stirnam; 3 — MAFAM staltbrieziem;

4 — Enterobacteriaceae staltbrieZiem.
Fig. 3. Growth curves of TCC and Enterobacteriaceae in game meat samples stored
at the temperature of +8 °C: 1 — TCC in roe deer; 2 — Enterobacteriaceae in roe deer; 3 — TCC in red deer;
4 — Enterobacteriaceae in red deer.

2. tabula / Table 2

MAFAM un enterobaktériju aug$anas dinamika (Ig, kvv g") savvalas dzivnieku gala
atkariba no galas uzglabaSanas temperatiiras
Growth dynamics of total colony count and Enterobacteriaceae (1g, cfu g') in game meat
depending on meat storage temperature

Uzglabasanas Stirnas / Roe deer Staltbriezi / Red deer
temperatiira /
tenslgirrz%zre Mé[}ZACM / Enterobacteriaceae M[,}lz%CM / Enterobacteriaceae
+4 °C 0.0127 0.0111 0.0151 0.0102
+8 °C 0.0138 0.0116 0.0185 0.0128
+20 °C 0.0448 0.0599 0.0534 0.0507

palielina$anas medijumu gala veicina tas bojasanas
procesu. MAFAM kopskaits var tikt izmantots
ka medjjumu galas kopga mikrobiologiska
piesarnojuma un tas iegliSanas un pirmapstrades
procesa kvalitates novertéSanas raditajs. Misu
petijums pieradija, ka pat +4 °C uzglabaSanas
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temperatiira ne vienm&r var nodroSinat atbilstosu
galas kvalitati.

Palielinoties medijumu galas uzglabasanas
ilgumam, attiecigi palielinas art MAFAM skaits.
Dazi autori uzskata, ka vakuuma iesainotas briezu
galas uzglabasanas termins -1 °C temperatiira ir lidz
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4. att. MAFAM un enterobakteriju augsanas dinamika stirnu galas paraugos, kas uzglabati dazadas
temperatiiras: 1 —- MAFAM +4 °C; 2 — MAFAM +8 °C; 3 — MAFAM +20 °C; 4 — Enterobacteriaceae +4 °C,
5 — Enterobacteriaceae +8 °C; 6 — Enterobacteriaceae +20 °C.

Fig. 4. Growth dynamics of TCC and Enterobacteriaceae in roe deer meat samples stored at different
temperatures: 1 — TCC at +4 °C; 2 — TCC at +8 °C; 3 — TCC at +20 °C;

4 — Enterobacteriaceae at +4 °C; 5 — Enterobacteriaceae at +8 °C; 6 — Enterobacteriaceae at +20 °C.
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5. att. MAFAM un enterobakt@riju augSanas dinamika staltbriezu galas paraugos, kas uzglabati dazadas
temperatiiras: 1 — MAFAM +4 °C; 2 — MAFAM +8 °C; 3 — MAFAM +20 °C; 4 — Enterobacteriaceae +4 °C,
5 — Enterobacteriaceae +8 °C; 6 — Enterobacteriaceae +20 °C.

Fig. 5. Growth dynamics of TCC and Enterobacteriaceae in red deer meat samples stored at different
temperatures: 1 — TCC at +4 °C; 2 — TCC at +8 °C; 3 — TCC at +20 °C;

4 — Enterobacteriaceae at +4 °C; 5 — Enterobacteriaceae at +8 °C; 6 — Enterobacteriaceae at +20 °C.
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18 ned€lam (Wiklund, Malmfors, 2004). Viens no
svarigakajiem bakteriju augsanas faktoriem ir vides
pH. Misu p&ttjuma §is raditajs stirnu gala izmainijas
no 5.8 lidz 5.5, bet briezu gala — no 6.7 lidz 5.9,
kas veicindja enterobaktEriju augSanu. Baktériju
augSanas atrums +20 °C temperatiira batiski (p<0.05)
atS$kiras un bija straujaks, salidzinot ar bakteriju
augSanas atrumu +4 °C un +8 °C temperatiira
(4.-5. att.).

Izmeklgjumu sakuma enterobakt€rijas veidoja
52.3% no baktériju kopgja skaita stirnu gala un
57.8% briezu gala, bet péc 168 stundu uzglabasanas
gan +4 °C, gan +8 °C, gan arT +20°C temperatiira to
daudzums jau bija 60% no bakteriju kopg&ja skaita abu
dzivnieku galas paraugos. Tas neapstiprina literatiira
doto pienémumu, ka abu pétito bakteriju grupu
augsanas atrumi atskiras atkariba no temperatiiras vai
vides (stirnu gala vai briezu gala).

Molekularas biologijas metodes -
polimerazes kédes reakcijas (PCR) -
pielietojums mikroorganismu identificeSanai
savvalas dzivnieku gala un no galas
izdalito mikroorganismu sugas atbilstibas
noteiksanai

Lai parbauditu klasisko mikrobiologijas metoZzu
un PCR datu sakritibu, pirmais tirkultiiras paraugs
tika izvelets sekvenésanas reakcijas veikSanai, kas
arl ir biezi izmantojama metode bakterialo infekciju
konstatéSana. P&tijumi atklaja, ka neviens no 8
izvéletajiem E.coli celmu paraugiem nesaturja ne
verocitotokstnus producgjosos genus, ne intimina
génu eacA, tadgjadi pieradot, ka galu var drosi
izmantot partika.

Veicot E.coli DNS sekvengsanas reakciju un miisu
ieglitos rezultatus salidzinot ar Internetad pieejamo
mikroorganismu genomu datubazi (Data basis of
National Center for Biotechnology Information
»Sequence Similarity Search”), vargjam konstatet,
ka izoletas tirkultiiras atbilst E.coli 16Sr DNS
rajonam, tadgjadi apstiprinot veikto tradicionalo
mikrobiologisko metozu korektumu.

Pédéjo 25 gadu laika pétijumi (Hoffman,
Wiklund, 2006) par faktoriem, kas ietekmé& medijamo
dzivnieku galu, ir bitiski paplasinajusies un
padzilinajusies, tomer arvien vel triikst zinu par galas
razo$anas vai apstrades procesa (kauSanas tehnikas)
un iegiitas galas kvalitates savstarp&jo mijiedarbibu.
Misu veiktie medijumu galas mikrobiologiskie
un molekularbiologiskie izmeklgjumi pieradija,
ka medijumu galas kopgjais mikrobiologiskais
piesarnojums ir tas ieglSanas procesa un
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pirmapstrades labas partikas higi€nas prakses raditajs.
Medijumu galas uzglabasana dazados temperattras
rezZimos un uzglabaSanas laikos var izraisit
nevélamas izmainas gala, kas var ietekmét partikas
produktu droSumu, un tie var kliit neizmantojami
cilvéku uztura. Literatira ir maz datu par medijamo
dzivnieku galas mikrobiologiskajiem raditajiem, un,
lai gan netradicionala lauksaimniecibas nozare —
briezkopiba — misu valst attistas I&ni, pétijumi
jaturpina, sevisSki attieciba uz nebrivé audz&tiem
dzivniekiem.

Secinajumi

1. Sakotng&jais pH stirnu (Capreolus capreolus)
un staltbriezu (Cervus elaphus) gala, ka arl
pH izmainas p&c dzivnieku noSausanas butiski
atSkiras starp pétitajam sugam. Stirnu galas
sakotngjais pH 5.8 liecina par to, ka stirnas
noSautas apstaklos bez stresa, bet augstais
sakotngjais pH 6.7 staltbriezu gala liecina par
dzivnieku stresu pirms noSausanas.

2. Palielinoties stirnu (Capreolus capreolus) un
nebriveé audzgjamo staltbriezu (Cervus elaphus)
svaigas galas uzglabasanas ilgumam, attiecigi
palielingjas art MAFAM un Enterobacteriaceae
skaits uzglabasanas  temperatiiras
reZimos.

3. Uzglabasanas perioda (168 stundas) abu sugu
dzivnieku galas MAFAM un enterobaktériju
skaita  attieciba  palika  konstanta  un
enterobaktériju skaits veidoja apm&ram 60% no
baktériju kop€ja skaita.

4. Uzglabajot savvalas
audzgjamo staltbriezu (Cervus elaphus) galu
+4 °C, +8 °C un +20 °C temperatiira, taja
domingja Enterobacteriaceae dzimtas
mikroorganismi, augSana minétajas
temperatiiras netika kavéta.

5. Galas uzglabasanas laika MAFAM
palielinasanas gala  bija
neka staltbriezu gala, bet enterobakteriju
augSanas atrums — straujaks neka briezu gala,
iznemot +20 °C uzglabasanas temperatiiru, kad
enterobakt@riju augsanas atrums stirnu gala bija
straujaks neka staltbriezu gala.

6. Veicot E.coli DNS sekvengSanas reakciju
un iegilitos rezultatus salidzinot ar Interneta
pieejamo mikroorganismu genomu datubazi,

Visos

dzivnieku un nebrivé

kuru

skaita

stirnu lenaka

tika  pieradits, ka izolétas tirkultiras
atbilst E.coli 16Sr DNS rajonam, kas
parada  veikto  mikrobiologisko  metozu
korektumu.
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Kukuriizas novaksanas laika nozime
augstas kvalitates skabbaribas razoSanai
The Role of Maize Harvest Timing for High-quality Silage Production

Zinta Gaile
LLU Agrobiotehnologijas institts
Institute of Agrobiotechnology, LLU
e-mail: Zinta.Gaile@llu.lv

Abstract. Harvest timing of maize (Zea mays L.) is critically important for production of optimum quality
silage. The aim of our investigation, arranged in the Research and Study farm “Vecauce” of the Latvia
University of Agriculture (2005 to 2008), was to analyze changes in maize yield and its quality during
September, and to define more accurately the harvest timing of maize grown for silage production. Four maize
hybrids with different maturity rating, as defined by FAO number (Earlystar (FAO 160), RM-20 (FAO 180),
Tango (standard, FAO 210), and Cefran (FAO 340)), were harvested on four different dates beginning on
September 1 at ten-day intervals. A strong harvest time effect on maize dry matter (DM) yield was observed
(p<0.05) — it increased by ~1 t ha'! during every ten-day period. However, in some years (2005), maize
yield increase could be stopped by fall frosts. Maize quality parameters such as DM content, corn-cob yield
proportion in the total whole plant DM yield, and net energy for lactation, increased, but other parameters such
as neutral detergent fiber, acid detergent fiber, and crude protein content, decreased with the maturity of maize
during September. Harvest of maize late after the fall frosts deteriorated the quality of maize. The research
suggests that the main criterion for selecting a proper maize harvest timing should be the DM content of maize
yield. Harvest timing of maize for silage in the central and western part of Latvia mainly should be delayed up
to the third ten-day period of September thus improving both yield and its quality. At this time, in years with
optimal growing conditions, DM content of even >280 g kg' can be obtained.

Key words: maize, harvest timing, yield, quality changes, hybrid.

Ievads

Kukuriiza (Zea mays L.) ir dienvidu izcelsmes
augs ar plasu pielietojumu visa pasaulg, t. sk. ari
skabbaribas gatavosanai. Latvija kukurtiza lopbaribas
razoSanai salidzinosi liela platiba tick audzeta tikai
kops 1954. gada — atseviskos gados (1955., 1962.,
1963. g.) sgjplatiba ir parsniegusi pat 100 tokst.
ha, bet no 1966. lidz 1991. gadam ta vid&ji bija
49 tukst. ha gada. Sgjplatibas strauji samazinajas
pagajusa gadsimta devindesmitajos gados, kad
lauksaimnieciskaja razoSana notika dazada veida
izmainas. Ar kukurtizu 2008. gada Latvija bija aps&ti
5.9 tukst ha, bet 2009. g. — jau 9.8 tukst. ha (CSP
dati). P&dgjos gados lidz ar s¢jplatibas pakapenisku
palielinasanos pieaugusi arT interese par dazadiem ar
kukuriizas audz@Sanu saistitiem jautajumiem.

Augstas kukurtizas razas ieguve, ka art augsti piena
izslaukumi, iz&dinot atgremotajiem skabbaribu, ir
atkarigino ta, vai kukuriiza tiek novakta pareizaja faze.
Ja kukurtiza nepietickami nobriedusi, kokskiedras
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koncentracija parasti ir augsta, kas savukart ir iemesls
zemai baribas energétiskai vertibai.
energgtiska vertiba ir zema ari tad, ja to vac parak
gatavu, kad stiebru frakcijas sagremojamiba jau ir ]oti
zema un pastav risks, ka cietie, pilnigi nogatavojusies
graudi neizmantoti izies cauri dzivnieka gremosanas
traktam (Bal, Coors, Shaver, 1997). Neskatoties uz to,
ka pasaulé kukuriiza ir viens no visvairak pétitajiem
kultiraugiem, ari pédéja desmitgadé dazadu valstu
petnieki pieversusi loti lielu veéribu kukuriizas
novaksanas laika ietekmei uz ieglistamo razu un tas
kvalitati, jo novaktas kukurtizas kvalitate vienmér ir
saistita ar sagatavojamas skabbaribas kvalitati, kura
savukart ietekmé piena ieguves apjomu (Bal, Coors,
Shaver, 1997; Darby, Lauer, 2002; Lauer, 2003; Ettle,
Schwarz, 2003; Kowalik, Michalski, 2003; Lewis,
Coc, Cherney, 2004; Mahanna, 2005).

Vairums ASV veikto pétTjumu rezultatu liecina, ka
augstako razu ar labako kvalitati iegiist, kad sausnas
saturs zalaja masa sasniedz 30-35% (300-350 g kg™!)

Kukuruzas
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(Bal, Coors, Shaver, 1997; Darby, Lauer, 2002; Lauer,
2003). A. L. Levis un kolégi (Lewis, Coc, Cherney,
2004) atzimg, ka piena ieguve nemainas atkariba no
ta, vai tiek izbarota kukurfiza, kuras sausnas saturs
ir 280 g kg, vai arT kukuriiza, kuras sausnas saturs
sasniedz 420 g kg'. Tas norada, ka labu lopbaribu
var iegiit salidzinoSi plasa kukuriizas gatavibas
diapazona. Tacu gan razas apjomu, gan kvalitativos
raditajus, tadus ka skabi skalotas kokskiedras (NDF)
un kopproteina (CP) saturs, in vitro sagremojamiba
un razas indekss (HI), batiski ietekm&ja novaksanas
termins.

Noverota hibridaxnovaksanas laika mijiedarbibas
ietekme uz razu un kvalitativajiem raditajiem. Tacu
literatira atziméts, ka dazadu kukuriizas hibridu
kvalitates izmainas atkariba no novaksanas laika
saskatamas I1dzigas tendences (Darby, Lauer, 2002).

Arl Latvija jau agrak veikti plasi pétfjumi par
velamo kukurtizas novakSanas laiku. Piemé&ram,
piecdesmitajos, seSdesmitajos gados  petfjumi
veikti izméginajumu stacija ,,Peterlauki” (1958.—
1960. g. — O. Upitis), Zemkopibas Zinatniskaja
institita Skriveros (1961.—-1967. g. — G. Grinblats)
(I'punbnar, 1970) un Latvijas Lauksaimniecibas
akadémijas macibu un pétfjumu saimnieciba (LLA
MPS) ,,Vecauce” (1954.-1959. g. — J. Lucans)
(Lucans, 1960). Jau So petijumu rezultata secinats, ka
kukurtizu nedrikst novakt parak agri un ka vélamais
vaksanas laiks noradita piena-dzeltengataviba, kuru
Latvijas apstaklos varétu sasniegt tikai septembri.
Ieteikts kukurtizu novakt septembra 2. dekade vai
talit pec pirmajam salam. Tolaik pieejamas Skirnes un
hibridi, kurus novaca péc 20. septembra, nodrosinaja
17-20% lielu sausnas saturu zalmasa. Skriveros
atzimé&ti iznémumi, kad siltakos gados, izmantojot
loti agrinas skirnes, pieméram, ‘Voronezas 80’ un
vietgjas selekcijas Skirni ‘Skriveru agra’, sausnas
saturs sasniedzis 28-35% (I'punbnar, 1970). Ta
ka jau agrak aprakstitajos péetjjumos uzsverta
arl pareizas Skirnes izvéles nozime, tad vélakos
gados, kad jau bija pieejami hibridi no dazadam
Eiropas valstim un ASV, pétjjumi par optimalo
novaksanas laiku turpinajas. Devindesmitajos gados
I. Slokenberga (1996), p&tot divus novaksanas laikus
Zemkopibas zinatniskaja pétniecibas instittta ,,Agra”
(18.-21. septembrT un p&c salnam — no 25. septembra
lidz 11. oktobrim atkariba no meteorologiskajiem
apstakliem attiecigaja gada), secindja, ka sausnas
saturu zalmasa var palielinat, pielaujot kukuriizas
apsal$anu salnu laika. Devindesmitajos gados petnieki
jau izvirzija mérki sasniegt vismaz 250 g kg' (25%)
lielu sausnas saturu razas novaksanas laika.

LLU Raksti 25 (320), 2010; 116-128

LLU MPS ,,Vecauce” pétijumi (2000.—2003. g.)
par novaksanas laika ietekmi uz ieglistamas razas
kvalitati jau plasaka nozimé, vertgjot ne tikai sausnas
saturu novaksSanas laika, bet ari tadus raditajus
ka kokskiedras frakcijas NDF (neitrali skalota
kokskiedra) un ADF (skabi skalota kokskiedra),
CP (kopproteins) un NEL (neto energija laktacijai),
liecina, ka tikai gados (pieméram,
2002. gada) bijis iespgjams uzsakt kukurlizas
novakSanu pirms 10. septembra un ieglit razu ar
vélamo sausnas saturu (>250 g kg!), zemu NDF un
ADF saturu, bet augstu energétisko vértibu (Gaile,
2004).

H. M. Darbijs un J. G. Lauers (Darby, Lauer,
2002) uzskata, ka pat ASV, kur veikts neskaitami
daudz pétijumu par dazadiem kukuriizas razoSanas
aspektiem, sezonalas kvalitativas izmainas visa auga
kukuriizas masa nav pietickami aprakstitas. Savukart
vacu pétnieki (Herrmann, Kornher, Taube, 2005),
kuri arT atzist, ka optimala novaksanas laika izvelei
ir kritiska nozime, lai izmantotu kukurtizas razas un
lopbaribas kvalitates potencialu, ka ari lai samazinatu
zudumus skabbaribas uzglabasanas un izé€dinasanas
fazés, ir izstradajusi specialu datormodeli, kas
palidz noteikt optimalo kukuriizas novakSanas
laiku, ka arT novértet klimatiska riska apjomu
kukuriizas audzE€Sanai marginalajos Ziemelvacijas
apstaklos.

Latvija apstaklos ir pieejami
aukstumizturigi un agrini, bet taja pasa laika razigi,
hibridi, kas selekcionéti dazadas pasaules valstis,
ka arT noverojamas ar globalo klimata izmainu
saistitas meteorologisko apstaklu novirzes. Tomér
dokumentgtas informacijas par kukuriizas razas
un kvalitates izmaipam atkariba no novaksanas
laika $ados apstaklos ir parak maz. Tapéc laika no
2005. gada Iidz 2008. gadam LLU MPS ,Vecauce”
tika veikts Latvijas Zinatnes padomes finanséts
petijums. Viens no ta meérkiem, kura izpildes rezultati
aprakstiti $aja raksta, bija skaidrot kukurtizas razas
un kvalitates izmainas atkariba no novaksanas
laika septembri. Pé&tijjuma pirmo divu gadu
(2005.-2006. g.) rezultati publicéti jau agrak
(2007. gada) — zurnala ,,Agronomijas Véstis” (Gaile,
2007), bet par pirmo tris gadu rezultatiem (2005.—
2007. g.) 1ss kopsavilkums publicéts starptautiska
kongresa materialos ,,21st International Grassland
Congress, 8th International Rangeland Congress”
(Gaile, 2008a). Sis raksts papildina abas iepriek3gjas
publikacijas ar jauniem rezultatiem (klat nacis
4. pétijumu gads) un plasaku analizi, kas agrak vél
nebija iesp&jama.

atseviskos

pasreizgjos

117



Z. Gaile

Kukuriizas novaksanas laika nozime augstas kvalitates skabbaribas razosanai

Izvirzita hipotéze, ka, novilcinot kukurtzas
novakSanas laiku vismaz Iidz septembra tresajai
dekadei un izveloties atbilstosa agrinuma hibridu,
katru gadu Latvijas apstaklos iesp&jams iegiit razu
ar sausnas saturu zalmasa >250 g kg'!, vienlaicigi
uzlabojot arT citus biitiskus kvalitates raditajus.

Materiali un metodes

Izméginajuma vieta un pétamie faktori. Tris
faktoru lauka izm@&ginajumi tika iekartoti LLU
MPS ,,Vecauce” izmgginajumu lauka ,,Pils darzs”
(N 56° 28, E 22° 53") dazadas vietas laika no
2005. gada Iidz 2008. gadam. Visos gados
izm&gindgjumu  iekartoja velénglejota malsmilts
augsné. Augsnes pH KClI — 7.0-7.1; augiem
viegli izmantojama fosfora saturs — augsts (vidgji
528 mg P,0, kg'); kalija saturs — augsts (vidgji
233mgK Okg™"); organisko vielusaturs—21-25 gkg'.
Laukam raksturigs neliels slipums (~5%) dienvidu
virziena. Kopuma kukuriiza s€ta loti piemérotos
audz€Sanas apstaklos. Laucini tika sakartoti
randomiz&tos blokos, ko izvietoja 4 atkartojumos.
Laucipa lielums — 16.8 m?; rindstarpu platums —
0.7 m. Visos pétijuma gados lietoja originalséklu un
izs€jas bieziba bija 82 000 seklu uz 1 ha.

Petjjuma izmantoja Cetrus atSkiriga agrinuma
hibridus (faktors A; agrinums raksturots ar FAO
skaitli, kura zemakai vertibai atbilst agrinaks
hibrids): ‘Earlystar’ (FAO 160), ‘RM-20" (FAO
180), ‘Tango’ (standarts, FAO 210) un ‘Cefran’
(FAO 340). Katru gadu kukuriizu s€ja cetros dazados
laikos (faktors B; s€jas laika ietekme uz iegiito razu
lidz 25. maijam ar 10 dienu intervalu. Saja raksta
analiz€ti vidgjie visu Cetru sgjas laiku rezultati
katram hibridam atkariba no novakSanas laika, ka
arT atseviSki 5. maija (atzits par piemérotako s€jas
laiku) — s€tas kukurlizas raza un kvalitate atkariba
no novaksanas laika. Katru gadu kukurlizu ari
novaca Cetros dazados laikos (faktors C) — sakot ar
1. septembri, ik pa desmit dienam I1dz 30. septembrim
(01.09., 10.09., 20.09. un 30.09.).

Izmantota agrotehnika un noverojumi. Katru
gadu veica tradicionalu augsnes apstradi, kas ietvéra
rudens arumu, augsnes §likSanu un kultivésanu aprilt
s€&jas. Paméslojumam pirms s€jas lietoja 18 kg N ha™',
78 kg P,O, ha' un 90 kg K O ha"'. Papildmeslojuma
lietoja 70 kg N ha' p&c nezalu ierobezoSanas
pasakumu iedarbosanas un 60 kg N ha'!, kad
kukuriiza sasniedza ~0.6 m augstumu. Kukuriizu sgja
3—4 cm dzili ar specialu staditaju izméginajumiem.
Nezales ierobezoja ar herbicidiem (2005. un
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2006. gada — nikosulfurons, 40 g L', 1.0 L ha! +

dikamba, 480 g L', 0.3 L ha''; 2007. un 2008. gada —

tritosulfurons, 250 g kg', + dikamba, 500 g kg,

200 g ha' + rimsulfurons, 250 g kg, 30 g ha’!, un

péc 10 dienam klopiralids, 300 g L', 0.4 L ha')

kukurtizas 3-6 lapu faze, ka ari vélak, mehaniski
izravgjot tas, kas nebija iznikuSas herbicidu ietekmé.

Razu tris uzskaites reiz€s (1., 10. un 30. septembrT)

noteica no 0.7 m?, bet galvenaja novakSanas reizé

(20. septembri) — no 8.4 m? Augus nocirta 15 cm

no augsnes virsmas, nosvéra un npéma paraugus

turpmakam analizém.

Sezonas laika nov@roja augu attistibu un
meteorologiskos apstaklus. Uzskaitija laukdidzibu,
atziméja ziedeSanas fazes iestasanos un augu biezibu
razas novak$anas laika, mérfja auga garumu. Sie
rezultati raksta nav analiz&ti, jo tie saistami vairak ar
s€jas ka novaksanas termina ietekmi uz to vértibam.
Noteica zalas masas un sausnas razu no 1 ha, valisu
(graudi+valisu serde) sausnas razu no 1 ha un §is
razas Tpatsvaru kop€ja visa auga sausnas raza.
Sausnas saturu, g kg' (ISO 6496:1999), analiz&ja
katra vak$anas reizé atseviski valitem, lapu—stiebru
frakcijai un kopa visa auga razai. Pargjos turpmak
uzskaititos kvalitativos raditajus analiz€ja ar
standartmetodém atseviski pa frakcijam tikai 20.
septembra vakSanas reiz€, bet citos novaksanas
terminos — visa auga razai:

—  kopproteinas saturs (CP), g kg sausnas, nosakot
kopslapekli péc Kjeldala metodes un izmantojot
koeficientu 6.25 (LVS EN ISO 5983-2:2003);

— neitrali skalota kokskiedra (NDF), g kg™! sausnas
(Forage analyses met 2.2.1.1.);

— skabi skalota kokskiedra (ADF), g kg! sausnas
(Forage analyses met 4.1.).

Dazus raditajus papildus aprékinaja péc NDF un
ADF vertibam, bet tuvak analiz&ja NEL:

— sausnas sagremojamiba — DDM g kg'!
sausnas=88.9-(0.779xADF); (1)
— neto energija laktacijai NEL MJ kg
sausnas=(0.00245xDDM-0.12)x4.184. 2)
Kaut gan meteorologiskie apstakli cCetros

izméginajuma gados bija loti atSkirigi (1. tabula),
nevienu no tiem nevar vertet ka
audzesanai absoliiti nelabveéligu gadu. Latvijas
apstaklos kukuriizas audz&sanu ierobezojoss faktors
parasti ir siltums, tacu pétfjumu perioda siltuma
apstakli visos gados bija apmierinosi. Par to liecina
gan vidgjas méneSu gaisa temperatiiras, gan arl
aktivo temperatiru summa (=10 °C) perioda no
1. maija lidz 30. septembrim, kas attiecigi pa gadiem
bija 2069 °C, 2299 °C, 2136 °C un 1944 °C. Cetru
gadu laika vislabakais siltuma nodro$inajums bija

kukurtizas
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1. tabula / Table 1

Vidéja gaisa diennakts temperatiira un nokriSnu summa pa ménesiem 2005.-2008. gada un
salidzinajuma ar ilggadigiem vidéjiem novérojumiem (norma)*
The temperature and precipitation compared with the meteorological norm during 2005-2008*

Temperattira / Temperature, °C

Nokri$ni / Precipitation, mm

Meénesis / N ; N ;
Month 2005 2006 2007 2008 OTMRT 9005 2006 2007 2008 o
Norm Norm
Maijs / 112 116 123 113 11.2 43 28 52 24 43
May
Junijs / 143 162 166 146 15.1 49 24 49 44 51
June
Julijs / 183 201 163 17.1 16.6 65 13 102 57 75
July
Augusts /
161 175 179 164 16.0 106 150 60 90 75
August
Septembris /5 139 119 106 1.5 36 46 76 15 59
September
Vidgji / 147 159 150  14.0 X $298 3261  ¥339 3230 3303
On average

* temperatiira un nokriSni verteti tiesi izmeéginajumu lauka, izmantojot automatisko meteorologisko staciju, bet ilggadigie
vidgjie noverojumi nemti no Dobeles HMS. / data of temperature and precipitation were registered directly on the research
field by an automatic meteorological station, but long-term average data were taken from Dobele HMS.

2006. gada, kaut gan vegetacijas perioda pirmaja
pusé (ieskaitot ziedéSanu) Iidz augusta pirmajam
dienam atzim@ja kritisku mitruma trakumu un
tadejadi razas veidoSanai tik labv@ligos siltuma
apstaklus kukuriza pilniba nevargja izmantot.
Turklat Saja visuma tik siltaja sezona pavasara salnas
atzimgja 1. jinija, kas radija redzamu stresu augiem.
Ta rezultata tika aizkav€ta nezalu ierobezoSana
ar herbicidiem. Velak var&ja veikt papildu
pasakumus mehaniskai nezalu ierobezoSanai, bet
rusinasanas ietekmé& augsnes virskarta pastiprinati
izzuva. Kopuma vislabakos apstaklus novéroja
2007. gada, kad pats sezonas sakums siltuma
zina bija loti labveligs, bet nokriSnu sadalijums
sezonas laika — salidzinosi vienmeérigs. P&tfjumu
perioda tikai 2005. gada izm&ginajumu skara rudens
salnas (17. un 18. septembri) un kukuriizas nosala
jau pirms 20. septembra.

Rezultatu matematiskai izvertéSanai izmantoja

dispersijas, korelacijas un regresijas analizu
metodes.
Rezultati

Visos &etros izmégindgjuma gados ieguva
Latvijas apstakliem augstu, bet pa gadiem

atskirigu kukuriizas sausnas razu. Visaugstaka ta
bija 2007. gada (vid&ji izméginajuma 14.72 t ha''),
bet zemaka — 2006. gada (12.11 t ha'). Gada
agrometeorologiskajiem apstakliem ka faktoram
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bija butiska ietekme uz iegltdas razas apjomu
(p<0.05, n=18%). Kaut arT pétjjuma izmantoja
Cetrus atSkirfiga agrinuma un dazadas Eiropas
valstts selekcionétus hibridus, tomé&r hibrida
ietekme uz vid€jo kukuriizas razu nebija butiska
95% ticamibas limeni (2. tabula). Izm&ginajuma
rezultati pieradija Dbitisku novakSanas laika
ietekmi uz ieglto sausnas (»<0.05,
N=39%), kas vidgji katras nakamajas 10 septembra
dienas (sakot no 1. septembra) palielinajas par
vairak neka 1 t ha' (2. tabula). Trijos no Cetriem
izm&ginajuma gadiem (2006.—2008. g.) sausnas raza
biitiski un liela apjoma (+1.47, +1.54 un +1.84 t ha"!
attiecigi pa gadiem) palielinajas tieSi septembra
pedgja dekade (21.-30. septembrT).

P&tfjuma noskaidrojas, ka augstas razas ieguvei
labakais sg€jas termin$ ir maija pirma dekade jeb
konkréti $aja izméginajuma — 5. maijs (Gaile,
2008b). Tapéc Tsi atspoguloti tiesi $1 s¢jas termina
razas dati atkariba no novaksSanas laika (faktora
ietekmes Tpatsvars N1=20%, p<0.05) un razas ieguves
gada (faktora ietekmes Tpatsvars n=28%, p<0.05)
(3. tabula): kukuriizas razu 95% butiskuma
Iiment ietekm&ja nevis hibrida izvéle, bet gan
novak$anas laika un izméginajuma gada apstaklu
mijiedarbiba (p<0.05; m=11%). Vidgji Ccetros
izméginajuma gados lielako razu ieguva pédgja
novaksanas termina (30. septembri — 15.86 t ha''),
bet atseviskos gados, ka 2005. un 2006.,

razu
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2. tabula / Table 2

Vidéja visu séjas terminu kukuriizas sausnas raza dazadiem hibridiem
atkariba no novaksanas laika 2005.-2008. gada, t ha™!
Average maize DM yield of four hybrids harvested on four different dates in 2005-2008, t ha™!

Hibrids / Hybrid
Novak$anas Yi_déj i novak$anas
laiks / Earlystar RM-20 Tango Cefran laika / On average per
Harvest date FAO-160  FAO-180 FAO-210 FAO-340 harvest date,
RS,,./LSD,,=0.58
1. septembris / 11.63 11.45 11.49 11.54 11.53
September 1
10. septembris /
September 10 13.53 12.88 13.31 13.31 13.26
20. septembris /
September 20 14.70 13.95 14.24 14.30 14.30
30. septembris /
September 30 15.15 15.36 15.55 15.71 15.44
Vidgji hibridam /
On average for 13.75 13.41 13.65 13.72 x
hybrid,
RS, ,./LSD,,=0.58
RS /LSD 1.17

0.05hibridsxnovaksanas laiks

0.05hybridxharvest date

3. tabula / Table 3

Vidéja Cetru 5. maija séto kukuriizas hibridu sausnas raza atkariba

no novaksanas laika 2005.-2008. gada, t ha™!

Average maize DM yield of four hybrids sown on 5 May and
harvested on four different dates in 20052008, t ha™!

Novaksanas laiks /

Razas gads / Harvest year

Vidgji novaksanas
laika / On average per

Harvest dates 2005 2006 2007 2008 harvest date,
RS, ./LSD .= 0.64

1. septembris / 13.20 1158 1411 1094 12.46
September 1
10. septembris / 1470 1118 1684 12.95 13.92
September 10
20. septembris /
September 20 16.80 14.03 16.54  13.09 15.11
30. septembris /
September 30 16.27 14.57 17.87 14.74 15.86
Vidgji gada / On
average per year, 15.24 12.84 16.34  12.93 X
RS, ,;/ LSD, ,,~0.64

RS / LSD =1.28

0.05 razas gadsxnovaksanas laiks

0.05 harvest yearxharvest date

pec 20.
vairs nenovéroja.

Kukuriizas sausnas saturs zalmasa bija atkarigs no
visiem pétitajiem faktoriem, tacu vidgji Cetros gados

120

septembra bitisku razas

pieaugumu

vislielaka ietekme uz $o raditaju bija novaksanas
laikam (n=51%, p<0.05). Kopuma sausnas saturs
zalmasa laika no pirma novakSanas termina
(1. septembra) lidz pédgjam (30. septembrim)
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1. att. Sausnas uzkrasanas dinamika kukurtizas zalmasa atkariba no hibrida septembrT,
vidgji 2005.—2008. gada.
Fig. 1. Dynamics of DM accumulation during September depending on the used hybrid,
on average per 2005-2008.

palielinajas par 89 g kg'. Ari hibrida izvéle
(m=16%, p<0.05) (1. att.) un pétjuma gada
agrometeorologiskie apstakli (m=14%, p<0.05)
butiski  ietekméja saturu
novakSanas laika. Kukuriiza nobrieda labak, t.i.,
sasniedza augstaku sausnas saturu jau agrinakos
novakSanas  terminos, gados ar labakiem
siltuma  apstakliem, kadi bija 2006. un
2007. gads. Velamo minimalo sausnas saturu
zalmasa (250 g kg') visagrinakais hibrids
‘Earlystar’ vid&ji 4 gadu perioda un vidgji pa
visiem s€jas terminiem sasniedza jau pirms
10. septembra, mazliet vélinakie hibridi (‘RM-20’ un
‘Tango’) — ap 10. septembri, bet speciali izveletais
loti vélinais hibrids (‘Cefran’, FAO 340) — tikai
péc 20. septembra. Saja laika vidgjais tris agrinako
hibridu sausnas saturs atziméts jau lielaks par
290 g kg! (1. att.). Ja kukurtizu s€ja 5. maija, tad
trijiem agrinakajiem hibridiem visos gados laika
no 10. septembra Iidz 20. septembrim sausnas
saturs stabili parsniedza 250 g kg'. VE&linais
hibrids ‘Cefran’ $adu sausnas saturu 20. septembri
sasniedza tikai 2006. un 2007. gada, 2005. gada
tas tik talu nenogatavojas vispar (sausnas saturs
30. septembri — 222 g kg'), bet 2008. gada
‘Cefran’ sausnas saturs tikai 30. septembrT mazliet
parsniedza So kritisko robezu (263 g kg™).

Lielako kukurtizas energétisko vertibu ietver
graudi. Ta ka misu pétijuma tika vertéta visa
kukuriizas auga masas kvalitate, tad graudus atseviski
neatdalija, bet valisu (graudi+serdes)

sausnas kukuruzas

noteica
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sausnas razas proporciju kop&ja visa auga masa.
Lidzigi ieprieks$ aprakstitajiem raditajiem, arT valisu
sausnas razas Ipatsvaru kop&ja sausnas raza butiski
ietekmé&ja novaksanas laika novilcinasana septembri
(m=38%, p<0.05) (2. att.), un vidgji ¢etros gados no
1. septembra (vid&ji visiem hibridiem — 346 g kg)
Iidz 30. septembrim (vidgji visiem hibridiem -
558 g kg') valiu ipatsvars palielinajas par 212 g kg ™.
Ar1 razas gada agrometeorologiskie apstakli
(m=18%, p<0.05) un hibrida izvéle (n=23%, p<0.05)
batiski ietekmgja $o raditaju. Vidgji pa izméginajumu
gadiem par 500 g kg' lielaku valiSu sausnas razas
Tpatsvaru konstatgja 2006. un 2007. gada (attiecigi
541 g kg!' un 521 g kg'). Vidgji visos s€jas un
novaks$anas laikos tikai hibrids ‘Tango’ nodrosinaja
par 500 g kg lielaku valiSu sausnas razas Ipatsvaru,
bet velinajam hibridam ‘Cefran’ tas bija 351 g kg
Nozimigi kvalitates raksturotaji ir NDF un
ADF saturs sausna (3. att.). Novacot kukuriizu
velak septembrd, palielingjas visi iepriekSminétie
raditaji, bet NDF un ADF saturs, tiesi pretgji, trijos
(2006.—2008. g.) no &etriem izm&ginajumu gadiem
un ari vid&ji izm&ginajumu perioda samazinajas. Kaut
arT NDF un ADF saturam bija tendence samazinaties
Iidz ar novakSanu vélak septembrl, tomér vidgji
novaksanas  laiks (MNDF=16%, nADF=5%,
p<0.05) NDF un ADF saturu ietekm&ja mazak neka
iepriekSmin&tos raditajus. Loti liela ietekme uz Siem
raditajiem bija gada meteorologiskajiem apstakliem
(MNDF=38%, mnADF=57%, p<0.05). Tadgjadi
2005. gada pedeja novaksanas laika, 30. septembrT,
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2. att. ValiSu sausnas razas Ipatsvara pieaugums atkariba no hibrida septembri, vidgji 2005.—2008. gada.
Fig. 2. Increase in the ear DM yield proportion in the total DM yield of maize during September
depending on the used hybrid, on average per 2005-2008.
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3. att. NDF (pa kreisi) un ADF (pa labi) satura izmainas kukuriizas sausna atkariba no razas novaksanas laika.
Fig. 3. Changes in NDF (on the left) and ADF (on the right) content in maize yield
depending on the harvest time.

novéroja izteiktu NDF un ADF satura palielinasanos
(3. att.), ko izraisija kukuriizas nosalSana 17. un
18. septembrT atzim@tajas rudens salnas. Gados,
kad rudens salnas nenoveéroja, kukurtizu ar zemako
abu kokskiedras frakciju saturu ieguva laika no
20. septembra I1dz 30. septembrim.

Slaucamo govju €dinasana svarigs baribas lidzekli
raksturojoSs raditajs ir NEL (4. att. pa kreisi), ko miisu
petijuma aprekinaja pec (2) formulas, un tadejadi tas
ir saistits ar laboratoriski noteikto ADF vértibu.

Tapat ka raza, sausnas saturs zalmasa un valiSu
sausnas 1patsvars kop&ja sausnas raza, ari NEL
palielinajas lidz ar kukurtizas novakSanas laika

122

novilcinaSanu septembri. Divos (2006. un 2008. g.) no
Cetriem izméginajumu gadiem raza NEL palielinajas
vismaz 11dz 20. septembrim, un divos gados (2007.
un 2008. g.) NEL pieaugums raza turpindjas arl
perioda Iidz 30. septembrim. Tikai 2005. gada, p&c
salnam 17. un 18. septembrT, razas NEL samazinajas
(4. att. pa kreisi).

Razas energétisko vértibu, izteiktu ka NEL,
butiski un liela méra ietekméja razas gada apstakli
(M=57%, p<0.05): razu ar visaugstako vidgjo
NEL (6.66 MJ kg') ieguva 2006. un 2008. gada,
bet razu ar viszemako vidéjo NEL — 2005. gada
(6.20 MJ kg'). Art hibrida ietekme uz razas NEL
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4. att. NEL (pa kreisi) un kopproteina (pa labi) satura izmainas kukuriizas sausna
atkariba no razas novaksanas laika.
Fig. 4. Changes in NEL (on the left) and CP (on the right) content in maize yield
depending on the harvest time.

bija bitiska (n=12%, p<0.05). Rezultati liecinaja,
ka jo agrinaks hibrids, jo augstaka vidgja visu gadu
razas NEL (visagrinakajam hibridam ‘Earlystar’
NEL vidgji bija 6.62 MJ kg™'). S€jas un novaks$anas
laika ietekme uz So raditaju bija bitiska, tomér
ietekmes Tpatsvars bija salidzino$i neliels (n=5%,
p<0.05). Kukurtzu novacot 20. septembri, tas
kvalitate tika analizeta atseviskam auga frakcijam:
augstaka energétiska veértiba atziméta valitem
(vidgji 7.77 MJ kg™'), zemaka — lapu-stiebru frakcijai
(5.80 MIJ kg'), bet visa auga sausnas razai —
6.60 MJ kg

Kopproteina saturs (4. att. pa labi) kukurtzas
raza nebija augsts: vidg€ji visiem hibridiem pé&tjjumu
perioda — 72 g kg'!'. Kopproteina saturs pakapeniski
samazinajas katra nakamaja novaksanas
ti., lidz ar dienu skaita no s€jas lidz novakSanai
palielinasanos. P&tljuma, kad kukuriizas novaksanu
uzsaka 1. septembri, konstatja biitisku negativu
sakaribu starp vidéjo dienu skaitu no s¢jas Iidz
novakSanai un kopproteina saturu zalmasas raza
(n=4, 1=0.98>r, =0.95). So sakaribu apraksta
regresijas vienadojums y=-0.358x+118.04 (p<0.05);
determinacijas koeficienta vértiba R>=0.97 liecina par
cieSu sakaribu. Aridispersijas analizes rezultatinorada
uz nozimigu novaksanas laika ietekmi uz kopproteina
saturu raza (n=31%, p<0.05). Biitiska ictekme uz So
raditaju bija ar razas gada agrometeorologiskajiem
apstakliem un hibridam (n=12%, p<0.05).

Visi aprakstitie kvalitates raditaji trijos (2006.—
2008. g.) no cetriem petijumu gadiem batiski (p<0.01)
korelgja ar sausnas saturu kukurlizas zalmasa
(4. tabula). 2005. gada, kad kukuriiza nosala jau
17. un 18. septembr, sakariba ar NDF un ADF saturu

reize,
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un NEL netika atziméta, jo, kaut gan p€c salnam
sausnas saturs zalaja masa turpindja palielinaties,
palielinajas ar1 NDF un ADF (3. att.) saturs, bet NEL
samazinajas (4. att.).

Diskusija
Pareiza kukurtizas novakSanas laika izvéle
Iidztekus pareizai s€jas laika, hibrida u.c.

agronomisko regulg&jamo faktoru izvélei ir viens no
atsleégas faktoriem, kas padara kukuriizas audzésanu
rentablu (Lucans, 1960; Lauer, 2003), jo augstaka
raza pie vienu un to paSu lidzeklu ieguldfjuma
vienm&r nodrosina zemaku produkcijas pasizmaksu.
legtitie rezultati apstiprinaja hipotezi, ka kukuriizas
novakSanas laika novilcinaSana vismaz lidz tas
nosalSanai septembrT vai, ja salnas nenovéro, lidz
septembra beigam, ir saistita ar ieveérojamu razas
palielinajumu. Sadi rezultati par kukuriizas razas
pieaugumu Iidz ar v€laku novaksanas laiku pilniba
sakrit ar citu p&tnieku iegiitajiem datiem citas valstis
(Darby, Lauer, 2002; Wilkinson, Hill, 2003; Lewis
et al., 2004) vai Latvija ieprieks§&jos periodos, bet
ar citiem kukurtzas hibridiem (Lucans, 1960;
I'punbmar, 1970). Vienigais gads, kad raza péc
20. septembra neturpindja palielinaties, bija
2005. gads, kad 17. un 18. septembra salnas
kukuriiza nosala. Latvija salnas septembrT ir
parasta dabas paradiba, ar kuram kukuriizas
audzetajam ir jarekinas. Parasti salnu ietekmée
kukurtiza klast sausaka, biezi uz dazadam auga
dalam attistas peléjuma sénes, kas var izdalit
dzivnieku  veselibai  kaitigus = mikotoksinus.
A. Gotliebs (Gotlieb, 2004) norada, ka mikotoksinu
piesarnojuma risks kukuriizai, kas novakta péc
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4. tabula / Table 4

Korelacija starp kukuriizas zalmasas sausnas saturu un
citiem kvalitates raditajiem péetijuma gados
Correlation between DM content in maize yield and other quality
parameters during the trial years

Korelacijas koeficienti pétijuma gados /

Rli(gitfgis/ Correlation coefficients during the trial years

2005 2006 2007 2008

NDF -0.245 -0.626 -0.505 -0.720

ADF -0.128 -0.581 -0.626 -0.874

Valisu Tpatsvars

1;?(‘)’;& TEES:?Z;‘ZSI\/A " 0916 088 0776  0.855

the total DM yield

NEL 0.128 0.581 0.626 0.874

Kopproteins / CP -0.589 -0.612 -0.377 -0.397

n=64,r, =0.253,r ,=0.333

0.05

0.01

salnam, ir lielaks. Tapéc, ja kukuriiza nosalusi, ta
nekav@joties janovac, bet, ja salnas nenovéro, tad
vairuma gadijumu kukuriizas novaksanu ieteicams
novilcinat lidz septembra treSajai dekadei. Loti
retos gados, kad visas sezonas laika bijusi loti
silti laika apstakli un nevienmérigs mitruma
sadaltjums, var gadities, ka novaksanu jauzsak agrak
(ap 10. septembri) (Gaile, 2004), tacu var but arl
tadi gadi, kad arT Sados apstaklos kukuriizas
novaksana novilcinama iesp&jami v&lu septembri,
ka tas bija $aja pctijjuma 2006. gada. Tadgjadi
veélamo kukuriizas novaksanas laiku pareizi biitu
atbilstosi saturam zalmasa.
Dazos gados novakSanu ar labiem panakumiem
iesp&jams veikt oktobri, tacu kopuma oktobris ka
pamatnovaksanas laiks kukuriizai ir parak riskants,
jo médz but lietains, kas apgritina darbu gan uz
lauka, gan skabbaribas transeja.

P&tnieki biezi uzsver izvéleta kukuriizas hibrida
nozimi augstas razas ieguvé, tacu $aja petljuma
izmantoto Cetru hibridu rezultati 95% butiskuma
Iimen1 nepieradija hibrida ietekmi
ieglistamas sausnas razas apjomu, kas varctu biit
saistits ar to, ka kukuriizu s€ja 4 dazados terminos.
Nekonstat&ja arT mijiedarbibas ,,hibridsxnovaksanas
laiks” ietekmi uz razas apjomu 95% butiskuma
Itment, kas sakrit ar citu pétnieku atzinu, ka dazadu
kukuriizas hibridu raza un kvalitate atkariba no
novaksanas laika mainas lidzigi (Darby, Lauer,
2002).

legtita kukurtizas raza ir nozimigs raditajs, bet
razas kvalitate ir pat svarigaka, ja razu izmanto

izvEleties sausnas

uz vidgjo

124

augstproduktivu govju &dinasana. Ta ka Latvija
atrodas kukuriizas audz&sanas robezapgabala un tai
raksturigs saméra vess klimats, tad sausnas saturs
zalmasa tiek atzits par loti nozimigu kvalitates
raditaju, jo ir svarigi, lai sk@bbaribas blivésanas
procesa neaizplistu veértiga augu sula. Valstis ar
kukuriizas audzesanai piemerotakiem apstakliem
uzskata, ka labas kvalitates skabbaribu var sagatavot,
izmantojot kukurlizu saméra plasa gatavibas
intervala — ar sausnas saturu zalmasa 28-42%
(280-420 g kg') (Ettle, Schwarz, 2003; Lauer,
2003; Lewis, Coc, Cherney, 2004; Mahanna,
2005). Ir autori, kuri uzskata, ka augstako razu ar
labako kvalitati tom&r nodrosina kukuriizas raza
ar Sauraku sausnas satura intervalu — 30-35%
(300-350 g kg!) (Wiersma, Carter et al., 1993; Bal,
Coors, Shaver, 1997; Darby, Lauer, 2002). Latvija,
lai iegiitu kukuriizas razu ar $adu sausnas saturu,
loti precizi jaievéro audzé$anas tehnologija — gan
s€jas, gan novaksanas laiks —, jaizvelas atbilstosi
agrins hibrids un jaievéro citas kukurlizas
agrotehniskas prasibas. Ta ka arT §is pétfjums
pieradija, ka gada  agrometeorologiskajiem
apstakliem (skattt faktora »Zada
agrometeorologiskie apstakli” ietekmes Ipatsvarus
sadala ,,Rezultati”) ir liela nozime gan kukuriizas
razas, gan kvalitates nodro$inasana, tad Latvijas
apstak]os mérkis novakt
kukurizu ar >250 g kg
(Gaile, 2004). St petijuma rezultati liecina, ka,
atbilstoSa agrinuma hibridus (Saja
petljuma to agrinums bija robezas no FAO 160

paSreiz ir izvirzits

sausnas saturu

izvéloties
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(‘Earlystar’) lidz FAO 210 (‘Tango’)), arl
Latvijas apstaklos pe&c 20. septembra iesp&jams
vakt tadu kukuriizas razu, kadu par pietickami
nobriedusu skabbaribas gatavosanai atzist pétnieki
citas valstis (Keady, 2005), t.i., ar sausnas saturu,
kas lielaks par 280 g kg'. Ari agrakos gados
Latvija veiktajos p&tfjumos secinats, ka, novilcinot
novakSanas laiku, var iegiit kukuriizas razu ar
augstaku sausnas saturu (Lucans, 1960; ['punGnar,
1970). Tomér jaatzimé, ka J. Lucana pétljumos
konstatétais sausnas saturs pat p&déja novaksanas
reiz€ (25. septembri) bija tikai 17%,
G. Grinblata pétijumos tikai atseviski visagrinakie
hibridi nodrosinaja razu ar sausnas saturu, kas bija
lielaks par 25%, un arT tad ne visos gados.

Sie péttjumi konteksta ar manu pé&tijumu norada
uz selekcijas attistibas lielo nozimi pietiekami agrinu
un taja pasa laika augstrazigu hibridu izveidg, kas
pielauj augstas kvalitates razas ieguvi arT Latvija un
lidzigos apstaklos. V&laka laika pé&tjjumos Latvija
(Runce, 1994 — nepublicets materials; Slokenberga,
1996) pausta atzipa, ka kukurlizas nosaldésana
salnas var palielinat sausnas saturu zalmasa. Tacu
péc So pétijumu metodikas kukuriiza Skriveros tika
vakta pirms salnam, 18.—21. septembr1, un p&c tam
to salidzinaja ar kukuriizu, ko vaca péc salnam,
kuras dazados gados novéroja dazados datumos
(nakamais novaksanas datums: 07.10.93., 11.10.94.
un 25.09.95.) (Slokenberga, 1996). Tadgjadi
sausnas saturu ietekméja ne tikai auga nosal$ana
un tai sekojosa auga izziiSana, bet arT laika intervals
no 18.-21. septembra lidz salnam (piem., no 21.09.
Iidz 07.10. ir 16 dienas), ko papildus atvélgja
kukuriizas nobriesanai. Tadgjadi uzskatu, ka nav
korekti apgalvot, ka tikai nosaldéSana veicina
sausnas satura ievérojamu palielinasanos (1993.
un 1995. gada attiecigi par 3.6% un 3.5% jeb
36 un 35 g kg, bet 1994. gada pat par 4.6% jeb
46 g kg'). Mana pétijuma, kad salnas nenovéroja
trijos no cetriem gadiem, sausnas saturs zalmasa
10 dienu laika, no 20. septembra I1dz 30. septembrim,
vidgji palielinajas par 35 g kg

Daudzi pétnieki augstas razas ieguvi un tas
kvalitati saista ar graudu saturu raza. Saja pétijuma
nav noteikts graudu TIpatsvars kop&ja visa auga
raza, bet gan valiSu (grauditserdes) sausnas razas
ipatsvars. Graudu vai, misu gadijuma, valisu

un ari

ipatsvara pieaugums raza saistams ar kopgjas
kvalitates uzlaboSanos. Kukuriza ir interesants
baribas lidzeklis arT tapec, ka, tai nobriestot
(velaks novaksanas laiks) un lapu—stiebru frakcijas
sagremojamibai samazinoties, kukuriizas kopgja
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energ@tiska vertiba un kvalitate parasti pat palielinas
uz graudos uzkratas cietes rékina (Mahanna, 2005).
Ja kukuriizu novac parak agri, valiSu Ipatsvars
kop€ja sausnas raza ir loti zems (piemé&ram, $aja
petijuma 1. septembri tas vidgji bija 346 g kg™).
Lidz ar novaksanas laika novilcinasanu valisu un
11dz ar to ar1 graudu Tpatsvars raza palielinas, pedgja
novakganas reizé sasniedzot vidgji 558 g kg'. Sie
rezultati sakrit ar citu p&tnieku datiem (Wilkinson,
Hill, 2003), kas ari iegtti, péc vinu uzskata,
kukurtizas audz&$anas robezapgabala (Anglija).
Nozimigi kvalitati raksturojosi raditaji ir
kokskiedras frakciju NDF un ADF saturs kukuriizas
raza — tie nogatavosanos
samazinas. Tas noverots ar1 $aja petijuma LLU MPS
»Vecauce” trijos no Cetriem izm&ginajumu gadiem
(2006.-2008. g.) (3. att.). NDF ir apgriezti
proporcionala sausnas apédamibai, bet ADF -
apgriezti proporcionala sausnas sagremojamibai,
tade] velams, lai So raditaju vertibas biitu zemakas.
Dazadas gatavibas pakapés novaktas kukuriizas
NDF un ADF saturs var ievérojami atskirties,
pieméram, J.G. Coors un kolégi (Coors et al.,
1997 — citéts no Darby, Lauer, 2002) noveérojusi
NDF izmainas robezas 479-701 g kg'!, un ADF
izmainas robezas 235-377 gkg'. Mana pétijuma lidz
20. septembrim vid&ji petjjumu perioda nevienam
hibridam neatzim&ja par 500 g kg' zemaku NDF
saturu; ari 20. septembra novakSanas reizé tikai
‘Earlystar’ un ‘RM-20’ raza tas bija zemaks par
500 g kg!, savukart vélinajam hibridam ‘Cefran’
arT 30. septembri vaktaja raza NDF saturs vidgji
bija 514 g kg'. To varétu izskaidrot tadgjadi, ka
pat Sajos, Latvijas apstakliem saméra v&linajos,
novak$anas terminos kukurfiza atbilsto§i sausnas
saturam zalmasa (zemaks par 300 g kg') nav
sasniegusi brieduma pakapi, ko par piemérotako
novaksanai

Iidz ar kukurtuzas

atzist kukurtizas audzeSanai
labveligakas zonas. Kaut gan ir autori, kas norada,
ka kukuriizas kvalitates izmainas ir saistamas
ar konkréta hibrida gen&tiskajam Tpatnibam
(Mahanna, 2005), tomgr ir arT autori, kuru p&tijjumu
rezultati liecina, ka dazadu hibridu kvalitate,
ja tie novakti vienada attistibas stadija, mainas
salidzino§i maz (Darby, Lauer, 2002). Saja pétijuma
NDF satura atskiribas starp hibridiem drizak varétu
izskaidrot ar to dazado gatavibas pakapi konkréta
novaksanas datuma, nevis ar genétiski noteiktam
atskirtbam lopbaribas kvalitatg.

Lidzigas izmainas atzimétas ADF saturam:
agrinako hibridu un vélinakos terminos (3. att.)

novaktas razas ADF saturs bija zemaks. Pilniba
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atSkirigi bija nov@rojumi 2005. gada, kad NDF
un ADF saturs p&c salnam nevis samazinajas,
bet gan palielindjas, kas izskaidrojams ar to, ka
miglains un mitrs laiks, ka arT lietus p&c salnam bija
veicinajis baribas vielu izskaloSanos no nosalusajam
lapam. Lapu-stiebru frakcijas barotajvértiba bija
samazinajusies un NDF un ADF koncentracija $aja
auga dala tik strauji bija palielinajusies, ka pat valisu
(graudu) frakcijas Tpatsvara pieaugums to nebija
sp&jis kompensét. L1dzigi rezultati, kad tapat pasas
sezonas beigas NDF un ADF saturs nevis turpinaja
samazinaties, bet gan palielinajas, tika iegdti
2002. gada ieprieksgja pétijumu perioda (Gaile,
2004). To konkrétaja gadijuma vargja izskaidrot
ar parak nogatavojusas (graudi nogatavojas Iidz
cietgatavibai) kukurtizas novakSanu. Ari citi
autori norada, ka paliclinats NDF un ADF saturs
kukuriizas raza novérojams gan tad, ja to vac parak
nenobriedusu, gan arT tad, ja ta jau ir parak gatava
(Darby, Lauer, 2002). Tapat ka lidz ar velaku
novaksanas laiku samazinajas razas NDF un ADF
saturs, arT kopproteina saturs samazinajas visos
&etros pétijuma gados. Sads novérojums sakrit gan
ar manu iepriek$§¢jo pétijumu rezultatiem (Gaile,
2004), gan ar citu autoru datiem, kuri analiz&jusi
kukurtizas kvalitates izmainas, tai nobriestot (Darby,
Lauer, 2002; Lewis et al., 2004). Kopproteina saturs
turpindja samazinaties ar péc salnam 2005. gada.
Kukurtizas energgtiskajai vertibai jabut batiski
augstakai par 6 MJ kg'!, bet visaugstako vértibu
ta parasti sasniedz tad, ja kukuriizu novac ar
280-350 g kg lielu sausnas saturu. Kukuriiza ir
interesants baribas lidzeklis arT no energétiska
viedokla: agrinakas novaksanas stadijas
energétisko vertibu nodroSina galvenokart labi
sagremojama lapu—stiebru frakcija, bet vélak, kad
lapu—stiebru frakcijas sagremojamiba pazeminas,
energétiska vértiba, uzkrajoties graudos cietei,
var pat palielinaties (Mahanna, 2005). P&tnieki
Polija (Kowalik, Michalski, 2003) secinajusi, ka
energija kukurtizas skabbaribas sausna palielinas
par 8—10%, ja novaksanu novilcina un ja, kukuriizai
nobriestot, sausnas saturs raza palielinas. Saja
petijuma Latvijas apstaklos audzétas kukuriizas
energétiska veértiba bija nedaudz zemaka par citos
apstaklos audzgetas kukurlizas energétisko veértibu.
Pieméram, Dienvidvacija NEL vértibas sasniedza
6.9-7.2 MJ kg, ja sausnas saturs novaktaja zalmasa
bija 300-320 g kg' (30-32%) (Ettle, Schwarz,
2003). Latvijas apstaklos kukuriizas visa auga
razas NEL vértiba, kas lielaka par 7 MJ kg, reti ir
novérota, piem&ram, $aja p&tijuma 2008. gada visa
auga raza tikai visagrinakajam hibridam ‘Earlystar’,
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to sgjot agri (25.04. un 05.05.) un novacot ap
20. septembri vai velak. B. Mahanna (2005) uzskata,
ka loti buitiska loma kukuriizas kvalitates veidosana
ir ne tikai audzéSanas vietai, bet ar1 katras sezonas
laika apstakliem: laika apstakli pirms kukuriizas
ziedESanas ietekm@ ne tikai auga garumu (lidz ar to
razas apjomu), bet arT kokskiedras kvalitati, savukart
laika apstakli p&c ziedesanas (kukurtizas nobriesanas
laika) ietekm& kop&jo sausnas sagremojamibu.
Ar1 Vecaucé veikta pétljuma rezultati norada uz
butisku pétijjuma gadu apstaklu ictekmi uz visiem
aprakstitajiem rezultativajiem raditajiem, t.sk. NEL
M=57%).

Petjuma LLU MPS ,Vecauce” konstatetas
korelacijas starp sausnas saturu un citiem kvalitati
raksturojosiem raditajiem (4. tabula) trijos no ¢etriem
petijumu gadiem matematiski apstiprina ieprieks
aprakstitos noveérojumus, ka, kukuriizai nobriestot
un sausnas saturam palielinoties ($aja pétljuma — to
novacot velak), NDF, ADF un kopproteina saturs
raza samazinas, bet valiSu ipatsvars kop&ja sausnas
raza un razas NEL — palielinas. Sie rezultati sakrit
ar citu petnieku darbiem, kuros aprakstitas Iidzigas
kvalitativo raditaju izmainas, kas noverotas,
saturam kukuriza palielinoties vélaka
novaksanas laika (kukurtizas nobrieSanas) rezultata
(Darby, Lauer, 2002; Lewis, Coc, Cherney, 2004).
Korelacijas starp sausnas saturu kukuriizas raza
un NDF un ADF saturu, ka ari NEL nenovéroja
2005. gada, jo kukuriizas nosalSanas rezultata So
raditaju vertibas, neskatoties uz sausnas satura
turpmaku  palielinaSanos, izmainijas pretgja
virziena: NDF un ADF saturs atkal palielinajas, bet
NEL - samazinajas. Sads novérojums uzskatami
liecina, ka peéc salnam kukuriiza nekavgjoties
janovac, ko uzsver arl citi pétnieki (Schroeder,
2004; Gotlieb, 2004).

sausnas

Secinajumi

1. Kukuriizas novakSanas laika novilcinaSana
lidz septembra treSajai dekadei gados, kad
nenovéroja salnas, nodro§inaja aptuveni 1 t ha'!
lielu sausnas razas pieaugumu vidgji 10 dienas.
Labakais razas novaksanas laiks vidgji vartu bt
septembra tresa dekade, tacu konkréta gada tas
bitu jaizvelas, nosakot sausnas saturu zalmasa.

2. Jo velak septembrT novaca kukuriizu, jo lielaks
bija tas sausnas saturs, kas vidgji pétijjuma
perioda  Cetriem  izm&gindgjuma  pétitiem
hibridiem 30. septembri sasniedza 305 g kg™
Tadgjadi, precizi ievérojot kukuriizas audzesanas
prasibas un izvéloties pareizu novaksanas laiku
konkréta sezona, vidgji katru gadu iesp&jams
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ieglit razu ar sausnas saturu >250 g kg, bet
audz€sanai labvéligos gados — pat ar sausnas
saturu >280 g kg™

Razas un tas kvalitates raditaju
raksturs bija atkarigs no konkrétas sezonas
meteorologiskajiem apstakliem, starp kuriem
butiska nozime bija rudens salnam lidz
kukuriizas novakSanai. Ja kukuriiza nenosala
rudens salnas, tad, paliclinoties sausnas saturam
raza, uzlabojas arT citi kvalitates raditaji: NDF
un ADF saturs sausna samazinajas, bet NEL —
palielinajas. Stipras salnas (2005. g.) ne vien
apturgja turpmaku kukurtizas razas pieaugumu,
bet ar izraisfja atseviSsku kvalitates raditaju
pasliktinasanos: strauji palielinajas NDF un ADF
saturs, bet samazinajas razas NEL. Teorétiski,
kukurtizu péc salnam ilgstosi nenovacot,
tas piesarnojuma risks ar mikotoksiniem
palielinas. Pel&juma s€nu savairo$anas péc
salnAm un to izdalitie mikotoksini ir temats
turpmakiem pétjjumiem, tacu $adu pétijjumu
iespgjas lauka apstaklos ierobezo rudens salnu
neregularitate.

Valisu Tpatsvars kop€ja sausnas raza lineari
palielinajas neatkarigi no ta, vai kukurtiza nosala
vai nenosala rudens salnas. Toties kopproteina
saturs raza Iidz ar v€laku novakSanas laiku
vienm@r samazinajas, kas ir neizbégami, ja vélas
panakt citu raditaju uzlabosanos kvalitativas
skabbaribas sagatavosanai.

izmainu

Literatiira

1.

Bal, M.A., Coors, J.G., Shaver, R.D. (1997)
Impact of the maturity of corn for uses as
silage in the diets of cows on intake, digestion,
and milk production. J. Dairy Sci, 80,
2497-2503.

Darby, H.M., Lauer, J.G. (2002) Harvest
date and hybrid influence on corn forage
yield, quality and preservation.
94, 559-566.

Ettle, T., Schwarz, F.J. (2003) Effect of maize
variety harvested at different maturity stages on
feeding value and performance of dairy cows.
Anim. Res., 52, 337-349.

Gaile, Z. (2004) Possibility to grow -early
maturity corn hybrids for energetically dense

Agron. J.,

silage in Latvian conditions. Proceedings
of the 4th International Crop Science
Congress.  ISBN 1-920842-21-7. Australia,
Brisbane.  [Elektroniskais  resurss] -

1 kompaktdisks.

LLU Raksti 25 (320), 2010; 116-128

5.

10.

11.

12.

13.

14.

15.

Gaile, Z. (2007) Harvest time effect on yield and
quality of maize (Zea mays L.) grown for silage.
Agronomijas Vestis, No. 10, 104—111.

Gaile, Z. (2008a) Effect of harvest timing on
maize (Zea mays L.) quality. Multifunctional
Grasslands in a Changing World. Proceedings
of “2I* International Grassland Congress, 8"
International Rangeland Congress”, China.
Volume II, Guangzhou, China, Guandong
People’s Publishing House, p. 703.

Gaile, Z. (2008b) Quality of forage maize
(Zea mays L.) depending on sowing time in
Latvia. Grassland Science in Europe, Vol. 13,
459-461.

Gotlieb, A. (2004) Mycotoxins in silage:
a silent loss in profits: www.uvm.edu/pss/
vtcrops/?Page=articles/Mycotoxins.html —
Resurss aprakstits 2010. gada 25. novembrT.
Herrmann, A., Kornher, A., Taube, F. (2005)
A new harvest time prognosis for forage maize
production in Germany. Agricultural and Forest
Meteorology, Vol. 130, No. 1-2, 95-111.

Keady, T.W.J. (2005) Ensiled maize and whole
crop wheat forages for beef and dairy cattle: effect
on animal performance. Silage production and
utilisation. Proceedings of the XIV International
Silage Conference, a satellite workshop of the
XXth International Grassland Congress. Eds
R.S. Park, M.D. Stronge. Wageningen Academic
Publishers, the Netherlands, 65-82.

Kowalik, I., Michalski, T. (2003) The influence
of some agrotechnical factors on the fodder
value of the maize silage. Prace z Zakresu Nauk
Rolniczych, 95, 111-120.

Lauer, J. (2003) Keys to higher corn forage
yields:  http://www.uwex.edu/ces/forage/wfc/
proceedings2003/cornsilageyields.htm — Resurss
aprakstits 2010. gada 25. novembri.

Lewis, A.L., Coc, W.J., Cherney, J.H. (2004)
Hybrid, maturity, and cutting height interaction
on corn forage yield and quality. Agron. J., 96,
267-274.

Lucans, J. (1960) Kukuriizas
rezultati Latvijas Lauksaimniecibas akad@mijas
macibu un pétfjumu saimnieciba “Vecauce” no
1954. lidz 1959. gadam. Kukuriza Padomju
Latvija. Red. V. Kozlovskis. Riga, Latvijas Valsts
izdevnieciba, 31-40.

Mahanna, B. (2005) Managing corn silage from
seed to feed. Proceedings of the 7th Western
Dairy Management Conference. USA, Nevada,
Reno, 83-96.

audzesanas

127



Z. Gaile

Kukuriizas novaksanas laika nozime augstas kvalitates skabbaribas razosanai

16.

17.

18.

Schroeder, J.W. (2004) Corn silage management:
http://www.ag.ndsu.edu/pubs/ansci/dairy/
as1253.pdf — Resurss aprakstits 2010. gada 25.
novembri.

Slokenberga, 1. (1996) Pieredze agrinas
kukuriizas audz€$ana. Zinatniskas konferences
(1996. gada 7. un 8. februari) raksti. Sast.
A. Prieditis. Jelgava, LLU, 107. Ipp.

Wiersma, D.W., Carter, K.A., Albrecht, K.A.,
Coors, J.G. (1993) Kernel milkline stage and
corn forage yield, quality, and dry matter content.
J. Prod. Agric., 6, 94-99.

Pateictba

19.

20.

Wilkinson, J.M., Hill, J. (2003) Effect on yield
and dry-matter distribution of the stay green
characteristic in cultivars of forage maize
grown in England. Grass and Forage Science,
58, 258-264.

I'punbnar, I. (1970) Brausane cpokoB yOopku
KayecTBa  CHJIOCYEMOM
8030enviganue 8

Ha TIOBBIIICHUEC

Kyxypysa u
Jlameuiickoti CCP 6 aKkcnepumeHmanbHOM
oceeujenuy.  Jluceprauuss Ha ~ COUCKaHUE
yu€HOM cTerneHu JokTopa ¢/x Hayk. CkpuBepw,
341-367.

Macchl. eé

Petijums veikts, pateicoties Latvijas Zinatnes padomes granta Nr. 05.1605.3 finanséjumam, bet publikacija
sagatavota, pateicoties ESF projekta Nr. 2009/0225/1DP/1.1.1.2.0/09/APIA/VIAA/129 finanséjumam.

128

LLU Raksti 25 (320), 2010; 116-128



LLU Raksti Nr. 25 (320)
Atbildigais redaktors Aldis Karklins
Iespiests SIA “Drukatava”
Liliju iela 95/1, Marupe



LATVIJAS LAUKSAIMNIECIBAS UNIVERSITATES RAKSTI

AUTORU IEVERIBAI

Latvijas Lauksaimniecibas universitates Raksti ievieto
publikacijas par nozimigiem originaliem, teor&tiskiem un
eksperimentaliem pétjjumiem, kas interes€ zinatnieku un
nozares specialistu auditoriju. Publicé arT nozares zinatnes
parskatus un hronikas rakstura materialus.

Manuskriptus autori iesniedz tehniskajam redaktoram vai nu
latvieSu, vai anglu valoda. Personas, kas iesniedz manuskriptu,
to paraksta un pilniba atbild par iesniegta manuskripta Ipasuma
tiestbam un zinatnisko Iimeni. Redkol&gijai ir tiesibas paklaut
manuskriptus talakai izvert€sanai un izne@muma gadijumos arT
noraidit, ja tie neatbilst vispargjiem publikacijas kriterijiem
vai tiek uzskatiti ka nepieméroti LLU Rakstiem. lesniedzot
manuskriptus public€Sanai, autors(i) apliecina, ka darbs
nav iepriekS publicéts, nav paredz€ts public€Sanai citos
izdevumos, un to izlasijusi un atzinus$i par labu visi autori.
Autori pieskir ekskluzivas tiesibas Latvijas Lauksaimniecibas
universitatei iesniegta raksta publicéSanai.

Velama rakstu strukttra: virsraksts (raksta valoda un anglu
valoda); autors vai autori — pilni vardi un uzvardi, darba
vietas nosaukums (raksta valoda un anglu valoda), pilna
pasta adrese, talruna numurs, fakss, e-pasta adrese; abstract —
kopsavilkums anglu valoda lidz 250 vardiem viena rindkopa
izsmelosi inform& par raksta ieklauto datu bitibu; key
words—ne vairak ka 5 (anglu valoda); anglu valoda iesniegtiem
rakstiem kopsavilkums — latviesu valoda, vismaz 250 vardu
gars, viena rindkopa; ievads — situacija un hipotéze; materiali
un metodes — pétjjuma objekts, metodes un metodika, lai
ikviens giitu prieksSstatu par petjjumu gaitu; rezultati — teksta,
tabulu, attelu veida ar atbilstosu datu ticamibas novertgjumu un
rezultatu analizi; diskusija — petijumu rezultatu interpretacija,
salidzinajums ar citu autoru lidzigiem p&tijjumiem, jaunakajam
zinatnes atzinam; secindjumi; literatiras saraksts.
Manuskriptu apjomam nevajadz&tu parsniegt 15 lappuses —
originalrakstam, 20 lappuses — apskata rakstam un 6 — siem
zinojumiem. Manuskripta janumuré lappuses, attéli, tabulas
un formulas.

Teksts

Darbs janoformé datorsalikuma programma MS Word uz
A4 formata lapam, lietojot Unicode fontu Times New Roman
ar izm&ru 12. Pamatteksts sastav no rindkopam. Sarezgitu un
optiski gruti uztveramu burtu veidu lietoSana pamatteksta nav
pielaujama. Teksta attalums no kreisas lapas malas 30 mm,
no pargjam — 25 mm. Rindstarpu attalums — 1.5. Skaitlos ka
decimaldalitajs jalieto punkts, nevis komats. Manuskripta
lietojamas SI sisttmas mérvienibas un arl attiecigie
saisinajumi.

Tabulas

Tabulam jabut veidotam programma MS Word vai Excel un
tas novietojamas teksta beigas uz atseviskam lapam. Teksta
izmérs tabulas — ne lielaks par 10 punktiem. Tabulu virsraksti,
teksts tajas un paskaidrojumi pie tam tulkojami ari anglu
valoda. Tabulam jabiit saprotamam arf tad, ja teksts nav lasits.
Tabulu numuri rakstami ar arabu cipariem labaja pus€ virs
tabulas virsraksta. Tas nedrikst parsniegt apdrukai paredzeto
lapas laukumu, un tabulu zemteksta piezimém jabut uz tas
pasas lapas. Ja tabula turpinas uz vairakam lappusém, tabulas
galva bez virsraksta jaatkarto katra lapa, virsraksta vieta
rakstot ,,...tabulas turpinajums” vai ,,...tabulas nobeigums”.
Nav ieteicams veidot tabulas, kuram rindu vai kolonnu skaits
mazaks par tris. Kolonnas skaitliem jabiit nolidzinatiem.
Daudzzimju skaitli jasadala grupas pa trim. Ja kolonna uz
leju atkartojas tas pats skaitlis vai teksts, tas jaraksta atkartoti,
nedrikst likt atkartojuma simboliku.

Atteli

Diagrammas, zZim&jumus un fotografijas uzskata par att€liem.
Atteliem jabut labas kvalitates, melnbalta izpildijuma un tie

novietojami teksta beigds uz atseviskam lapam. Sken&tos
attelus, digitalas fotografijas un zim&umus var veidot
jebkura grafiskaja programma, bet ievietot tos MS Word ka
att€lus (Picture), nevis ka attiecigas programmas objektus.
Diagrammas ieteicams veidot MS Excel vai MS Word,
izmantojot Microsoft Graph. Diagrammas vélams izvairities
no fona tongjuma un ieram&uma lmiju lietosanas, tiklu
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 literatliras 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.



INSTRUCTIONS TO AUTHORS

Latvijas Lauksaimniectbas Universitates Raksti
(Proceedings of the Latvia University of Agriculture)
publishes reports that describe the results of original
theoretical or experimental research of importance and
interest to diverse groups of scientists. The scientific
articles should be intelligible to a broad scientific
audience. The journal publishes also information on
events pertaining to science life.

Submission of manuscripts. The persons who submit
manuscripts assume responsibility for the intellectual
property and scientific standards of the manuscripts they
submit. However, the Editorial Board reserves the right to
subject manuscripts to further review and when necessary
to reject those that do not meet the general criteria for
publication or are regarded as inappropriate in some
another way. The Editorial Board also reserves the right
to edit all manuscripts linguistically and stylistically.
Authors submitting a paper do so on the understanding
that the work has not been published before, is not
considered for publication elsewhere and has been read
and approved by all authors. The submission of the
manuscript means that the authors automatically agree
to assign exclusive copyright to the Latvia University of
Agriculture if and when the manuscript is accepted for
publication. The work shall not be published elsewhere
in any language without the written consent of the Latvia
University of Agriculture.

The manuscript, two copies, should be printed out
with standard-size (12 points) letters, the font Times
New Roman or equivalent, on one side of good white
paper of A4 format, with margins of at least 25 mm
and left-hand margin — 30 mm. 1.5 line spacing should
be throughout, including references, tables, figures, and
footnotes. Reviews should not exceed 20 pages, original
papers — 15 pages, and short communications — 6 pages.
The pages should be numbered throughout, including
tables and figures. The structure of original paper should
be arranged in the following succession:

Title should reveal precisely, in a few words, the subject
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 — up to 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
phone: +371-630 05671; fax: +371-630 05685;
e-mail: Inga.Skuja@llu.lv
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