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Nezalu ierobezoSanas panémienu efektivitate kukuruzas sejumos
skabbaribas razoSanai
Efficacy of Weed Control in Maize for Silage

Janis Kopmanis, Zinta Gaile
SIA ,,LLU MPS ,,Vecauce™”
Research and Study farm “Vecauce” Ltd of the LLU
e-mail: Zinta.Gaile@llu.lv

Abstract. Total maize (Zea mays L.) yield failure can be observed due to competition for N, water and
light if weeds are not controlled. The aim of the investigation carried out at the Research and Study farm
“Vecauce” (Latvia) during 20062008 was to clarify the efficacy of different weed control ways (mechanical
and chemical) in maize. Eleven treatments included check without weed control, mechanical weed control,
and treatment of maize plots at the maize development stage of 2—-6 leaves with five active substances
(dicamba, 2.4-D, nicosulfuron, tritosulfuron, and rimsulfuron) of herbicides (including tank mixtures and
split applications). Weeds were counted by determining species before weed control and five weeks after the
1st herbicide spray when also weed fresh mass of every species was determined. Weed control efficacy was
calculated as percentage decrease of the number of weeds in the 2nd accounting if compared to accounting
before weed control, and as percentage decrease of the weed fresh weight in the 2nd accounting if compared
to an untreated plot. The results showed that weed control itself in respect to the used way is an effective tool
for yield increase (p<0.05), but efficacy of weed control treatment depends on meteorological conditions in the
trial year and on the presence of weed species. If the field has high weed infestation or there are any conditions
preventing herbicide influence (for instance, drought), tank mixtures at the highest registered doses have to be
used. Split herbicide application did not show any advantage if compared to single treatment.

Key words: mechanical weed control, herbicides, tank-mixture, weed number and mass, maize yield.

nezalu piesarnojuma 5-6 lapinu faze, aprékinot
nezalu skaitu uz 1 m? ka ari gaissauso nezalu

Ievads
Jau ilgaku laiku liellopu &dinasana Latvija tiek

popularizéta kukurtizas (Zea mays L.) audzéSana
energétiski bagatas lopbaribas ieguvei. Sakot
ar 2007.-2008. gadu, interese par kukuriizu vél
palielinajusies, jo Latvija to iesp&ams izmantot
ka substratu biogazes razosanai. Tomér kukuriizas
audz€Sanas apjomu palielinasanu traucé vairaki
faktori, pieméram, lauksaimnicku nepietickamas
zinaanas par audzeé$anas tehnologiju Ipatnibam,
t.sk. par nezalu ierobezoSanas nozimi un dazado
panémienu efektivitati kukuriizas s€jumos. Nezales
konkure ar kukurtizu vajadziba pec baribas vielam,
mitruma un gaismas, un nozimigs var bt pat gaismas
kvalitativais sastavs (Rajcan, Swanton, 2001).
Ja nezales atstaj neierobezotas, kukurliza nespgj
augt, un tas var izraisit pat pilnigu razas zudumu.

I. Stoimenova un S. Aleksieva (Stoimenova,
Alexieva,2003) Bulgarijairizveidojusas matematisko
modeli kukurfizas razas zudumu noteikSanai pec

LLU Raksti 24 (319), 2010; 1-11

biomasu uz 1 m® Pat neliels nezalu skaits s¢juma var
ievérojami samazinat razu.

E.L. Knake jau 1962. gada bija konstatgjis
(citets pe&c Olson, Sander, 1988), ka viens Setaria
faberii augs uz ~30 cm rindas garuma var samazinat
kukuriizas graudu razu par 500 kg ha™'. Pastav uzskats,
ka galvenokart saknu zona notiek konkurence par
slapekla (N) un tdens nodroSinajumu, jo tie abi
augsné ir loti kustigi. Nezalu izraisitais no€nojums
tradicionalajas audzgsanas
(piem., ASV ta saucamaja kukuriizas audzeSanas
josla Corn Belt) netiek uzskatits par tik nozimigu
faktoru, jo nezales ne tikai neparsniedz kukurtizas
augstumu, bet parasti pat nesasniedz to (Olson,
Sander, 1988). Latvijas apstaklos ir citadi — augSanas
sakuma (maija un jiinija) gaisa temperattira visbiezak
ir parak zema, lai veicinatu strauju kukuriizas augsanu,
turpretim nezalu augSanu ta nebremze. Tadgjadi

kukurtizas Zonas
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nezales, ja tas savlaicigi neierobezo, var ievérojami
noénot kukurtizu. Pat ja nodrosinajums ar N un Gideni
ir pietickams gan nezalém, gan kukuriizai, nezales,
izdalot augsné augSanu slap&josas vielas — inhibitorus
(allelopatijas paradiba)—, tomér var nomakt kukurtizas
augsSanu. Kukurlizas sausnas razas samazinajums ir
gandriz proporcionals nezalu sausnas palielinajumam
platibas vieniba (Olson, Sander, 1988).

Pasaule kukuriizas nezalainiba, nezalu izraisitie
razas zudumi un nezalu ierobezoSanas efektivitate
atkariba no dazadiem faktoriem ir saméra plasi
pétiti. Ta ASV (42°45" N, 76°35" W) konstatéts,
ka kukuriizas nezalainibu ietekm& dazadu faktoru
mijiedarbiba: gads x augsnes apstrade x augmaina, un
gads X augsnes apstrade x s€juma kop$anas pasakumi.
Noverots, ka tie$i konkréta gada meteorologiskie
apstakli ir loti nozimigi (Kastvairo, Cox, 2000).

Kaut gan nezales kukuriizas s€umos tapat
ka citos kultiiraugos var ierobezot ar dazadiem
panemieniem (Tharp, Kells et al., 2004; Olson,
Sanders, 1988), herbicidu lietosana ir vispopularaka
(Weed management, 2000; Myers, Curran et al.,
2005). Kukuriizas s€jumos lietojamos herbicidus
atkariba no lietoSanas laika nosaciti var iedalit
3 grupas: pirms s€jas pielietojamie; pec s&jas, bet
pirms kukurtizas sadigSanas pielietojamie; herbicidi,
kurus pielieto péc kukuriizas un nezalu sadigSanas
(Weed management, 2000).

ASV 2002. gada herbicidus visbiezak lietoja
pirms kukuriizas sadig§anas, un parasti to sastava bija
atrazins, metolahlors un acetohlors (Myers, Curran
et al.,, 2005). Triazinu grupas herbicidi Simazins
(2 hlor-4.6-bis-etilamino-sim-triazins) un Atrazins
(2 hlor-4etilamino-6-izopropil-sim-triazins), kurus
Latvija pirmo reizi izmantoja 1960. gada (Lejins,
1969), bija atlauti lietoSanai kukuriizas s&jumos Iidz
pagajusa gadsimta 90. gadu vidum.

A. Lejins (1969) savos pétijumos ir konstatgjis,
ka vislabakais efekts nezalu ierobezosana tiek
iegiits, abus triazinu grupas preparatus izsmidzinot
ieprieksgja gada rudeni péc augsnes arSanas, bet,
lietojot Atrazinu, to izsmidzinot arl kukurGizas
3-5 lapinu faz&. A. LejinS noveroja, ka Atrazins
nezalu ierobezosanai ir efekttvaks.

Misdienas, kad kukurizu cenSamies set
salidzino$i agrak, butiski ir herbicidu lietot jau pirms
kultiirauga sadigSanas, jo vesa laika, kad augsnes un
gaisa temperatiira ir zema, kukuriiza digst 1€ni, bet
nezalu digSanu Sis apstaklis neietekm&. Tadgjadi
pastav risks, ka kukurtiza, sasniedzot 2-3 lapinu
fazi, kad ir uzsakama herbicidu izsmidzinasana,
var biit jau icaugusi palielas nezal€s. Vairaki autori

uzsver savlaicigas nezalu ierobezoSanas lielo nozimi
un norada, ka, lietojot herbicidus noveloti — pec
kukuriizas sadigSanas —, razas samazinajums var bt
ievérojams pat tad, kad nezalu kontrole ir pilniga
(Knezevic, Evans, Mainz, 2003; Evans, Knezevics
et al., 2003; Myers, Curran et al., 2005).

Sobrid, 2010. gada, nezalu ierobezoSanai
kukuriiza vienigais neatkarigaja Latvija registrétais
herbicids, kuru var lietot pec s&jas pirms kultlirauga
sadigSanas, ir Stomps e.k. (pendimetalins,
330 g L), un to var izmantot salidzino$i liela
deva (3-6 L ha') (registréts lietoSanai kukurtza
2007. gada). Tomer plasak atzits klust uzskats,
ka no vides saudz€Sanas viedokla herbicidus
butu labak lietot peéc kukuriizas un nezalu
sadigSanas, kad ir redzams nezalu kvalitativais
un kvantitativais sastavs. Tas var arT palidzet
izvairities no palielinatu herbicida devu lietosanas,
kas var gadities, ja to profilaktiski smidzina
pirms s€jas, nezinot cik un kadas nezales digs
(Myers, Curran et al., 2005). Tacu jaatzimé, ka
citetaja herbicidu  lietosanu
kukurtiza péc sgjas aprakstiti tikai nikosulfurons
(Myers, Curran et al., 2005) un glifosats
(Evans, Knezevics et al., 2003; Myers, Curran
et al., 2005) (Latvijas apstakliem nepiemerots,
jo nav atlauts audzét genétiski modificétu
kukuriizu, kurai piemit glifosatu rezistence),
un 2.4-D grupas preparati (Olson, Sander, 1988).

Latvija 2008. gada lietoSanai kukuriza péc
sadigSanas bija registrétas septinas darbigas
vielas: 2.4-D (2.4-D Nurfam $.k.; DMA 6 2.4-D
Retro $.k.; Estets 600 e.k.), dikamba (Arrats d.g.;
Banvels 4 S $k.), tritosulfurons (Arrats d.g.),

literatira  par

metil-tifensulfurons (Harmonijs 50 $.g.),
nikosulfurons (Milagro 4 s.k.), rimsulfurons
(Titus 25 d.g.) un klopiralids (Lontrels 300 $.k.)
(Latvijas Republika registréto ..., 2008). Péc

A. Lejina (1969) veiktajiem pétjjumiem pagajusa
gadsimta 60. gados Latvija vairs netika realizeti
plasi un apkopojosi lauka izm&ginajumi par dazadu
herbicidu smidzinasanas variantu efektivitati nezalu
ierobezoSanai kukuriizas s€jumos, bet smidzinasanas
sezona katru gadu razotaju interese bija liela un
vienmér tika liigtas konsultacijas.

[zm&ginajumu par nezalu ierobezosanu kukurtiza
SIA ,,LLU MPS ,Vecauce™” uzsakam 2006. gada
un turpinajam 2007. un 2008. gada. Misu pétijuma
meérkis bija skaidrot dazadu herbicidu lietoSanas
variantu  un panémienu
efektivitati nezalu ierobezosana kukuriizas s€jumos
skabbaribas razosanai.

mehanisko tehnisko

LLU Raksti 24 (319), 2010, 1-11
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Materiali un metodes

Izméginajums  iekartots gada
SIA  ,LLU MPS , Vecauce izmgginajumu
lauka ,Aizaploki” dazadas dalas. Augsnes tips
2006. un 2008. gada bija kultiraugsne (ANt),
bet 2007. gada — velénglejota augsne (GLg);
savukart péc granulometriska sastava 2006. un
2007. gada — smilSmala augsne, bet 2008. gada —
malsmilts. Augsnes pH KCI - 64-7.2,
augiem izmantojama fosfora saturs — augsts
(153-286 mg P,0O, kg), kalija saturs — vidgjs Iidz
augsts (108-133 mg K O kg"), bet organisko vielu
saturs — 2041 g kgl

Pielietota  agrotehnika un novérojumi.
Prieksaugs kukuriizai katra izméginajumu gada bija
miezi. Tradicionalo augsnes apstradi veica, pielietojot
arSanu rudeni un augsnes SlikSanu un kultivéSanu
(2006. un 2007. g.) vai frézesanu ar vertikalo frézi
(2008. g.) pirms sgjas. Petjuma izmantoti Vacija
selekcionéti kukurtizas hibridi: ‘Target’ — 2006. gada,
‘Tango’ — 2007. un 2008. gada. Laucina platiba —
25 m?, kas ietvéra 4 blakus eso$as kukuriizas rindas
10 m garuma. Variantus izvietoja randomiz&ti
Cetros atkartojumos.

S&ja visos trijos gados tika veikta iesp&jami
labveligos terminos (16.05.2006., 11.05.2007. un
09.05.2008.). 2006. gada izmé&ginajumu iekartoja
kukurtizas razoSanas s€juma, péc sadigSanas ieméerot
atbilstosa izméra laucinus, bet 2007. un 2008. gada
kukurtizu s€ja ar specialu staditaju izméginajumiem.
Izs€jas norma visos gados bija 100 000 seklu
uz ha. Pamatm@slojuma iestradaja mehanisko
mineralméslu maisjjumu NPK 6-26-30 atbilstosi
normai — 18 kg N ha', 78 kg P,O, ha' un 90 kg
K O ha'; papildmeslojuma 70 kg N ha™ iestradaja
péc herbicidu iedarbosanas (03.07.2006., 18.06.2007.
un 19.06.2008.), bet 60 kg N ha' iestradaja, kad
kukuriiza bija sasniegusi 50-60 cm augstumu
(13.07.2006., 02.07.2007. un 02.07.2008.); tika
izmantots amonija nitrats. Razu no katra laucina
vidgjam divam rindam 6 m garuma (uzskaites
platiba — 8.4 m?) novaca 29.09.2006., 28.09.2007.
un 29.09.2008. Razu izteica ka sausnas razu, bet
salidzinaSanai to izteica procentos pret kontroles
razu. Sausnas saturu noteica LLU
Agronomisko analizu zinatniskaja laboratorija,
zavgjot paraugu lidz nemainigai masai 105 °C
temperatura.

Sezonas laika uz lauka tika veikti dazadi
noveérojumi, bet raksta analizgta tikai augu reakcija
uz izsmidzinato herbicidu un meteorologiskajiem
apstakliem, ka arT auga garums.

2006.-2008.

999

varianta
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Izméginajuma varianti un nezalu uzskaite.
Izméginajuma kopuma katru gadu bija ieklauts
atSkirigs variantu skaits, bet $aja raksta analizétie
11 wvarianti izméginajuma bija ieklauti
tris gadus (skat. 1. tabulu).

Pirmo nezalu uzskaiti veica pirms herbicidu
izsmidzinasanas tris vietas katra laucina 0.1 m?
izstiepta taisnstlira ramiti ta, lai aptvertu rindu un
rindstarpu (14.3x70 cm; 15.06.2006., 31.05.2007.
un 02.06.2008.), nosakot nezalu skaitu pa sugam.
Otro nezalu uzskaiti veica piecas nedglas péc
pirma smidzinajuma (21.07.2006., 06.07.2007. un
04.07.2008.), nosakot nezalu skaitu (iznemot tiruma
veroniku 2007. gada, jo tas skaitu nebija iesp&jams
noteikt loti sazaroto augu dél) un zalo masu pa
sugam — ari tapat tris vietas laucina 0.1 m? izstiepta
taisnstiira ramitl. Nezalu ierobezosSanas efektivitate
ir izteikta ka procentuals nezalu skaita samazinajums
otraja nezalu uzskaites reiz€ pret uzskaiti pirms
nezalu ierobezosanas vai ar1 ka procentuals nezalu
zalas masas samazinajums otraja nezalu uzskaites
reizé pretkontroles variantu, ko turpmak teksta saprot
ka nezalu ierobezosanas tehnisko efektivitati.

NezaluierobezoSanuveicaatbilsto$iizméginajuma
shémai (1. tabula), smidzinasanu — tilit p&c pirmas
nezalu uzskaites kukuriizas 2—6 lapinu fazg (saskana
ar izm&ginajuma shému), bet dalita smidzinajuma
gadijumos — otro reizi péc 7 dienam. Izmantots
muguras smidzinatajs ,,Hardi K-15” ar plakanstriklas
sprauslam, spiediens — 200 kPa, darba skidruma
patérin$ — 250 L ha™'.

Otra varianta apstradi, kura bija paredzSta
mehaniska nezalu ierobezoSana (ec€Sana un/vai
rusinasana), 2006. gada péc kukuriizas sadigSanas
veica 2 reizes. Toméer atzits, ka tas ir par velu un $aja
gadijuma jaatkapjas no vienigas atSkiribas principa
ieveroSanas.

Ecesanu un rusinasanu 2007. un 2008. gada
pavisam veica Cetras reizes: 1.
kukurtizas sadigSanas nezalu balto diegu stadija
(21.05.2007. un 12.05.2008.), 2. reizi rindstarpas

visus

reizi ec€ja pirms

ecgja un ruSindgja kukurizas 2-3  lapinu
fazé (29.05.2007.) vai nezalu digstu stadija
(19.05.2008.), 3. reizi rindstarpas ruSindja

kukuriizas 46 lapinu faze (04.06.2007., 03.06.2008.)
un 4. reizi rindstarpas rusingja, kad kukuriiza bija
sasniegusi 20-30 cm augstumu (18.06.2007. un
10.06.2008.). Ecesanai un rusinasanai izmantoja ar
roku vadamus agregatus, ecéSanu veicot Skérsam
rindu virzienam.

Datu apstradei izmantotas dispersijas, regresijas
un korelacijas analizes.
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1. tabula / Table 1

Izméginajuma ieklautie nezalu ierobeZoSanas varianti

Weed control treatments

Nr. / Variants / Darbiga viela / Deva/
No. Treatment Active substance Dose
Kontrole (bez nezalu
1. ierobezosanas) / Check - -
(without weed control)
) Mehaniska nezalu ierobezoSana / B B
’ Mechanical weed control
3. Milagro Nikosulfurons 40 g L™! 1.5 L ha'
. Nikosulfurons 40 g L' +
: + . 140. 1
4 Milagro + Banvels dikamba 480 ¢ L 1.0Lha'+0.3Lha
Banvels + Milagro Dikamba 480 g L' +
. . . o . 3 Lha'+1.5Lha!
> (daltti / split application) nikosulfurons 40 g L"! 0.3 L ha > Lha
Tritosulfurons 250 g kg + .
6. Arrats dikamba 500 ¢ kg 0.2 kg ha
7. 24D 2.4-D 600 gL' 1.5 L ha'!
. Rimsulfurons 250 g L' +
+ _ -4 -1k
8. Titus+2.4-D 24-D600 gL 30 gha'+ 0.8 L ha
Rimsulfurons 250 g L' +
9. Titus + Arrats tritosulfurons 250 g kg + 50 gha'+0.15 kg ha''*
dikamba 500 g kg
. Tritosulfurons 250 g kg!
+
10. g:;;s/ sTllittuZ lication) + dikamba 500 g kg + 0.15 kg ha'+ 50 g ha'*
PUtapp rimsulfurons 250 g L'!
. Rimsulfurons 250 g L' +
. + -4 . -1k
11 Titus + Banvels dikamba 500 ¢ kg 30 gha'+ 0.3 Lha

* — pievienota virsmas aktiva viela atbilstosi prasibam / added surfactant.

Meteorologisko  apstaklu  raksturojums.
Pavasaris 2006. gada bija pietickami agrs,
bet sauss, tadeél S$aja izméginajuma laika
apstakli neveicinaja kukurGizas atru sadigSanu.
Herbicidu  smidzinasanas diena (16.06.2006.)
gaisa vidgja diennakts temperatira bija 14.4 °C
(min naktt — 5.6 °C, max diena — 21.6 °C).
Maija un junija attiecigi nolija 64% un 47% no
ilggadigi vid€ji noverotajiem nokriSniem, bet
smidzinasanas laika augi no sausuma V&l necieta.
Jinijs un jilijs bija siltaki salidzinajuma ar
ilggadigiem nov@rojumiem (attiecigi 1.1 un
3.5 °C), bet Sajos ménesos kritiski trika nokrisnu.
Augi julija jau burtiski kalta, arT herbicidu
iedarbiba nebija tipiska. Kopuma 2006. gads
kukurtizas augSanai bija nelabveligs
dél, ko Saja izm&gindjuma pastiprinati var¢ja
just arT sakara ar novéloto sgjas
terminu (16.05.20006.).

sausuma

mazliet

Pavasaris 2007. gada bija diezgan agrs un maija
otraja pus€ neraksturigi silts un pietickami mitrs.
Salidzinajuma ar ilggadigiem nov&rojumiem arl
junijs bija siltaks, kas kukurtizas aug$anai un attistibai
bija 1pasi labveligi. Herbicidu smidzinasanas diena
(02.06.2007.) gaisa vidgja diennakts temperatiira bija
15.3 °C (min naktt — 10.3 °C, max diena — 20.2 °C),
augsne bija pietickami mitra un augi necieta ne no
kada stresa. Kopuma var teikt, ka 2007. gads bija loti
labveligs kukuriizas augSanai.

Art1 2008. gada pavasaris bija salidzino$i agrs,
tacu maija vidgja diennakts gaisa temperatiira bija
tikai ilggadigo vidgjo noverojumu robezas un arl
nokriSnu bija maz. Kopuma sezona bija mazliet
vésaka, salidzinot ar ilggadigiem novérojumiem, bet
lietus perioda ,.aprilis—septembris” pavisam nolija
79% no ilggadigi vid&ji Nokrisnu
sadalfjums bija nevienm&rigs — tieSi herbicidu
smidzinasanas laika bija Joti Herbicidu

noverota.

sauss.
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Izplatitakas nezalu sugas pirms smidzinasanas, gab. m

2. tabula / Table 2

Widespread weed species before weed control treatments, plants per 1 m?

Nezalu suga /

P&tfjuma gads / Year of experiment

Weed species 2006 2007 2008
Balta balanda (Chenopodium album) 78.1 18.9 38.7
Sarta panatre (Lamium purpureum) 18.3 25.8 58.4
Tiruma naudulis (Thlaspi arvense) 78.7 7.5 6.3
Lauku vijolite (Viola arvensis) 31.2 18.1 31.9
Maura skarene (Poa annua) 26.3 - 35.5
Parasta virza (Stellaria media) 11.2 7.1 9.5
Tiruma veronika (Veronica arvensis) 6.0 326.8 4.4
Loznu varpata (Elytrigia repens) 2.8 3.1 342

smidzinasanas diena (03.06.2008.) gaisa vidgja
temperatiira bija 14.6 °C (diennakts min — 8.5 °C,
max — 18.8 °C). Smidzinasanu veica 24 dienu bezlietus
perioda vidd. Kaut arT smidzinasanas laika augi
redzami necieta no sausuma, tomér ilgstosi sausais
laiks ietekm&a nezalu ierobezoSanas efektivitati.
Kopuma var teikt, ka 2008. gads kukuriizas augSanai
bija vidgji labveligs, bet nezalu ierobezosanas laika,
ka ar1 velak (jalija beigas), bija parak sauss.

Rezultati un diskusijas

Kopuma pa 3 izméginajuma gadiem pirmaja
nezalu uzskaité konstat€ja 26 nezalu sugas,
galvenokart 1smiiza divdigllapjus. Sastopamas
bija arT viendigllapju nezales — maura skarene
(Poa annua) un loznu varpata (Elytrigia repens),
ka arT daudzgadigas divdigllapju nezales — usnes
(Cirsium spp.), mikstpienes (Sonchus spp.), malleépes
(Tussilago farfara) un skabenes (Rumex spp.).
Uzskaites bridi Tsmiiza divdigllapju nezales bija
pirmajas Tstajas lapas, bet daudzgadigas nezales —
gan rozetes stadija, gan arT digstosas no seklam.

Ta ka izm&ginajums tika ierikots viena lauka
atSkirigos nogabalos, nezalu sugu izplatiba pa
gadiem bija lidziga (skat. 2. tabulu). Ka iznémums
jaatzimé tiruma veronika (Veromica arvensis),
kas domingja 2007. gada izmE&ginagjuma —
vidgji 326.8 nezales uz 1 m?jeb 77% no visu
nezalu kopskaita —, kas iev@rojami ietekméja visu
nezalu floru konkrétaja izm&ginajuma. Turpretim
2008. gada izméginajuma starp visam nezalu sugam
lielaka skaita bija piecas — sartd panatre (Lamium
purpureum), balta balanda (Chenopodium album),
maura skarene, loznu varpata un lauku vijolite
(Viola  arvensis), kopa videji 198.7 nezales
uz 1 m? jeb 87.6% no visu nezalu kopskaita.
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2006. un 2007. gada uzskaites laika nezales
bija aktivi augosas, augsne bija silta, ar pietickamu
mitruma saturu, un Iidz ar to var uzskatit, ka herbicidu
smidzinasanai bija optimali priekSnosacijumi.
Turpretim 2008. gada uzskaites laika nezales un
kukuriiza auga lénam, augsnes virskarta bija sausa,
jo divas ned€las nokri$ni netika novéroti vispar, un
kopuma kops kukurlizas s€jas nokrisnu daudzums
bija tikai 9.2 mm. Neskatoties uz to, herbicidu
smidzinasanai bija vislabakie priek$nosactjumi,
kadus Saja gada vargja véleties. Smidzinasanu ilgak
atlikt nevargja, jo gan kukurliza, gan nezales bija
pietiekami lielas.

AT citi pétnieki atzim&jusi, ka ir svarigi nenokavét
nezalu ierobezoSanu kukuriiza. Ta ASV zinatnieki
(Myers, Curran et al., 2005) secinajusi, ka liela
nezalu piesarnojuma gadijuma (vismaz 51 nezale
uz 1 m? nezalu ierobezosana visefektivaka
ir kukuriizas 4-6 lapinu stadija. Ari misu
izméginajuma nezalu piesarpojums pirms to
ierobezosanas visus tris gadus bija liels — vidgji
attiecigi 278.0, 424.6 un 226.9 nezales uz 1 m?
Ta ka visu izmEginajuma laiku herbicidu
izsmidzinasana tika veikta kukurfizas 2—6 lapinu
stadija, tad var teikt, ka tas tika darits optimalos
terminos.

Otraja nezalu uzskaite pavisam konstatgja
29 nezalu sugas, no kuram 14 sugas — visos
trijos izm&ginajuma gados, bet 7 sugas -
visos izm&ginajuma gados Kkontroles varianta.
Galvenokart bija sastopamas
divdigllapju bet novéroja arT
viendigllapju nezales — maura skareni un loznu
varpatu, ka arT dazas daudzgadigo divdigllapju
nezalu sugas. Kopgjais nezalu skaits kontroles
varianta pa gadiem bija 122.5, 1189 un

ismiza
nezales,
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182.2 augi uz 1 m? ar kopgjo zalo masu attiecigi
530.7,2771.1 un 1978.0 g m™.

2006. gada rezultatu analize liecinaja, ka
otraja nezalu uzskaité visizplatitaka suga bija
balanda (47.1% no nezalu kopskaita), bet otra
izplatitaka — vijolite (18.7%). Turklat balandu zala
masa bija domingjoSa (81.8%) visa nezalu masa
attieciba pret pargjam nezalu sugam.

2007. gada izméginagjuma domingjosda nezalu
suga bija tiruma veronika, kuras skaitu nebija
iespgjams precizi noteikt, bet tas zala masa veidoja
93.4% no visu nezalu kopmasas. So nezilu
sugu neviens izméginajuma ieklautais variants
2007. gada nebija spgjis ierobezot augstd Iimeni.
Vizuali vargja noverot, ka sesas dienas p&c apstrades
tiruma veronika Arrata lietoSanas  variantos
balgja, bet velak atguvas, un jau tris ned€las péc
apstrades atSkiribas starp variantiem vairs nebija
novérojamas. Vislabako efektu pret So nezalu sugu
2007. gada deva varianti ar mehanisko nezalu
ierobezosanu (efektivitate — 56.1%) un ar herbicidu
Arrats 0.2 kg ha' (efektivitate — 43.3%) un
2.4-D 1.5 Lha"! (efektivitate —39.2%) lietosanu. Sajos
variantos konstatSja ari vismazako nezalu kopgjo
zalo mehanisko  nezalu
ierobezoSanu — 1214.8 g m? un péc herbicida
Arrats 0.2 kg ha'! lietoSanas — 1465.8 g m™.

Nemot véra specifisko situaciju 2007. gada
izméginajuma, iegitie rezultati jaapskata atseviski
bez tiruma veronikas. Sada gadfjuma vismazakais
nezalu skaits 5 nedelas péc apstrades bija
variantos ,,Milagro 1.0 L ha' + Banvels 0.3 L ha'”
(7.5 gab. m?)un ,,Titus 50 g ha'! + Arrats 0.15 kg ha”
(8.3 gab. m?). Ka raditajs nezalu ierobeZoSanas
efektivitatei un herbicidu iedarbibas spektram var
kalpot arT neierobezoto nezalu sugu skaits péc
apstrades. Bez iepriekSmingtajiem variantiem ar
plasu iedarbibas spektru izc€las arT variants ,,Arrats
0.15 kg ha' + Titus 50 g ha! (daliti)”, kura konstat&ja
tikai 5 nezalu sugas.

2008. gada otraja nezalu uzskaiteé visvairak
novéroja tas pasas 5 nezalu sugas (sarto panatri,
loznu varpatu, lauku vijoliti, balto balandu un maura
skareni), kuras konstatgja uzskaité pirms herbicidu
izsmidzinasanas un kuru kopskaits vidgji bija
119.5 augi uz 1 m? jeb 87.5% no visu nezalu
kopskaita. Vidgji izméginajuma vislielako zalo masu
konstat&ja baltajam balandam, sartajam panatrém un
loznu varpatai.

2006. gada otraja uzskaites reiz€ neviena no
variantiem netika atrasta parastd virza. Savukart
2007. gada netika konstatétas lauku vijolites (pirmaja
uzskaité tas bija 17.5 gab. m?), bet parasta virza

masu: varianta ar

bija salidzino$i neliela skaita — 1.7 gab. m? pret
6.7 gab. m? pirmaja uzskaite. Tas liecina ne tikai par
izmantoto herbicidu iedarbibas efektivitati, bet arT par
Sonezalu sugu vajo konkurétspgju kukuriizas sejumos,
lietojot kadu no nezalu ierobezoSanas pasakumiem.
Rezultata nezalu ierobezosanas pasakumu efektivitati,
kas izteikta ka nezalu zalas masas samazinajums pret
kontroli, STm sugam vai nu nevargja noteikt, vai art
ieglitie rezultati bija apSaubami.

Visai efektivs variants bija nezalu mehaniska
ierobeZos$ana, it ipasi 2007. gada, kad herbicidu
lietoSanas varianti nesp&ja augsta Iimeni ierobezot
tiruma veroniku. Tomér japem vera, ka Saja
variantd nezalu skaits 5 nedélas p&c apstrades bija
saméra mazs, bet ar salidzino$i lielu zaJo masu —
rindstarpas nezales bija efektivi iznicinatas, bet
rindas tas bija izaugusas lielas. Citi p&tnieki
atzZimé to pozitivo efektu, kadu dod mehaniskas
nezalu ierobezoSanas pap€mienu kombin&Sana ar
herbicidu lietoSanu, kas pielauj iesp&ju lietot nevis
pilnu rekomend@to herbicida devu, bet arT mazaku
(Tharp, Kells et al., 2004). Sada integréta nezalu
ierobezosana ir efektiva ari gadijumos, kad s€juma
masveida savairoju$as tas nezalu sugas, kuras
pieejamie herbicidi ierobezo nepietickama Itment, ka
tas bija miisu izméginajuma 2007. gada.

Dazadu  herbicidu lietoSanas  variantu
efektivitate. Starp dazadiem Milagro lietoSanas
variantiem labakais visos izméginajuma gados bija
tvertnes maisijums ,,Milagro 1.0 L ha' + Banvels
03 L ha' (skat. 3. tabulu). Saja varianta
2006. gada nezalu skaits bija lielaks neka citos
variantos, bet nezalu zala masa bija vismazaka, un
tas bija vairak cietusas, it ipasi baltas balandas. No
balandam atbrivotaja vieta bija savairojusas lauku
vijolites, kas ir maza auguma un kukuriizai tas
velakas attistibas fazés nodara mazu kaitgjumu.

2007. gada variants ,,Milagro 1.0 L ha' + Banvels
0.3 L ha' nodrosinaja 100% efektu pret balto
balandu, sarto panatri, tiruma nauduli un parasto
virzu. Lidzigi rezultati tika iegfiti ari 2008. gada.
Tacu jaatzimg, ka 2007. gada nezinamu iemeslu dél
varianta ,,Milagro 1.0 L ha! + Banvels 0.3 L ha'”
kukuriizai bija veérojamas arT fitotoksiskuma pazimes,
ka tas nekad ieprieks nebija konstatéts. Citos Milagro
lietosanas variantos fitotoksiskuma izpausmes bija
izteiktakas un nezalu ierobezoSanas efektivitate —
mazaka. Logisks izskaidrojums §im gadijumam netika
atrasts. Ir autori, kas raksta, ka pat Gidens kvalitate
atseviskos gadijumos var biit par c€loni herbicida
fitotoksiskumam (Olson, Sander, 1988).

Dalita apstrade — vispirms Banvels un péc
7 dienam Milagro — neattaisnojas, jo meteorologiskie
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3. tabula / Table 3

Nezalu ierobeZoSanas efektivitate (nezalu zalas masas samazinajums
pret kontroli), vidéji 2006.—2008. g.
Efficacy of weed control treatments on average per three years, 2006-2008

Nezalu sugas / Weed species

Variants / Lami C 1l
Chenopo-  Thlaspi amum apserta Elytrigia Polygonum
Treatment ] purpu- bursa-
dium album  arvense . repens** convolvulus**
reum pastoris
Mehaniska nezalu
ierobezosana / XXX XX XX XX XX XX
Mechanical weed
control
Milagro 1.5 L ha'! XX XXXX  XXXX XXXX XXXX XXXX
. ="
Milagro 1.0 L ha XXXX — XXXX  XXXX XXXX XXXX XXXX
Banvels 0.3 L ha!
Banvels 0.3 L ha! +
Milagro 1.5 L ha'!
1agro 2. L ha XX XXXX XXX XXX XXX XXXX
(daltti / split
application)
Arrats 0.2 kg ha’ XXXX ~ XXXX XX XXXX — XXXX
2.4-D 1.5 L ha' XXXX  XXXX X XXXX Hok XX
Titus 30 g ha'! +
A 0L XXXX  XXXX XX XXXX XXX XXX
Ti ha! +
itus 50 g ha XXXX — XXXX  XXXX XXXX XXXX XXXX
Arrats 0.15 kg ha'*
Arrats 0.15 kg ha! +
Titus 50 g ha''*
s oL 8 a XXXX  XXXX  XXXX  XXXX XXXX XXXX
(daltti / split
application)
Ti ha! +
itus 30 g ha XXXX  XXXX XX XXX XXX XXXX

Banvels 0.3 L ha'*

* — pievienota virsmas aktiva viela / added surfactant; ** — 2007. un 2008. gada dati / data from 2007 and 2008;
*#% — nezalu ierobezoSanas varianti nav pieméroti loznu varpatas ierobezoSanai / treatments are not suitable for
control of couch-grass; XXXX — 85-100% efektivitate / efficacy; XXX — 60-85% efektivitate / efficacy;
XX —30-60% efektivitate / efficacy; X — par 30% mazaka efektivitate / efficacy lower than 30%.

apstakli tris izméginajuma gadu laika nebija labveligi
jaunu nezalu digSanai starp smidzinasanas reizém.
Lidz ar to dalitas apstrades variants praktiskaja
saimniekosSana jauzskata tikai ka izne@muma gadijums.
Ari J. Lejip§ un kolegi (Lejins, Slokenberga,
Lejina, 1996), pétot herbicida Tell 75 d.g.
(metil-primisulfurons 75%) efektivitati, secinajusi,
ka dalita apstrade sevi neattaisno.

Izméginajuma labus rezultatus paradija herbicids
Arrats. 2006. gada variants ,,Arrats 0.2 kg ha'”
bija vienigais, kura 5 ned€las p&c smidzinasanas
netika noverotas baltas balandas. Par teicamu
variantu ierobezosanai kukuriiza
herbicidu  tvertnes maisfjumu

nezalu
var  atzimeét

LLU Raksti 24 (319), 2010; 1-11

,,Titus + Arrats” 3. tabula). Tris
izméginajuma gadu laika tika parbauditi divi
varianti — So herbicidu tvertnes maisijums un

lietosana daltti. Lidzigi dalitas apstrades variantam
ar herbicidiem Banvels un Milagro arT Seit dalita
apstrade (vispirms lietojot herbicidu Arrats un péc
7 dienam Titus) nedeva nekadas prieksrocibas
attiectba pret So herbicidu tvertnes maisijuma
lietoSanas variantu.

2007. gada par veiksmigu var
uzskatit herbicida 2.4-D lietoSanu, kas, pilna deva
lietots, saméra labi ierobezoja tiruma veroniku.
Tacu S§im preparatam ir zema efektivitate pret
kerainu madaru (Galium aparine) un siirenu dzimtas

salidzinosi
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4. tabula / Table 4

Sausnas saturs zalmasa un iegiita relativa sausnas raza
Dry matter (DM) content (%) and relative DM yield during the research period

Varianta Nr.

0
J Treatment DM content at harvest, %

Sausnas saturs razas novaksanas laika, % /

legiita sausnas raza, % no kontroles /
DM yield in percent from the check

No.* 2006 2007 2008 2006 2007 2008
1. 17.00 27.24 23.12 100 100 100
2. 29.72 28.38 27.81 321 198 351
3. 24.77 28.64 25.68 306 135 324
4. 27.01 28.68 27.26 392 151 374
5. 23.38 30.31 26.45 275 145 335
6. 29.53 27.98 27.28 448 172 305
7. 29.09 28.77 26.83 359 163 286
8. 31.56 28.26 27.35 393 140 360
9. 32.34 28.72 27.37 608 168 370
10. 29.54 27.66 25.79 462 177 332
11. 30.95 28.62 28.08 416 144 357

* — variantu nosaukumu skat. 1. tabula / see the name of treatment in Table 1.

(Polygonum spp.) nezalém, kuras izméginajuma ari
bija ievérojama skaita. Plasaks ierobezoto nezalu
spektrs iegiits varianta ar 2.4-D un Titus tvertnes
maisijumu, tacu jaatzimé, ka samazinata 2.4-D deva
pazeminaja ar1 efektu pret tiruma veroniku.

Izméginajuma ieklautie preparati Titus un Milagro
viendigllapju nezalu ierobezosanai saméra veiksmigi
ierobezoja loznu varpatu. Tomér sekmiga §Ts nezales
ierobezosana ar Titus, it TpaSi sausakos apstaklos,
kadi bija novérojami 2008. gada izméginajuma,
ir iespgjama, lietojot tikai maksimalo registréto
§1 herbicida devu — 50 g ha'. Saja gada varianta ar
dalito apstradi (vispirms ,,Arrats 0.15 kg ha'” un péc
7 dienam ,, Titus 50 g ha'”) ieilgu$ais sausums vél par
ned€lu ievérojami samazinaja Titus efektivitati pret
varpatu.

Auga garums. Sekmiga nezalu ierobezosana
butiski ietekm@ja auga garumu razas novaksanas
laika. Kontroles varianta, kur kukurizu nomaca
dazadas nezales, auga garums bija divas un vairakas
reizes mazaks neka jebkura cita izméginajuma
varianta. Pieméram, 2008. gada razas novakSanas
laika auga garums kontroles varianta bija 1.12 m,
vidgji izm&ginajuma — 2.31 m, bet maksimalais
auga garums tika noverots 9. varianta (,,Titus
50 gha' + Arrats 0.15 kg ha'””) — 2.63 m. Tas saskan
ar citu pétnieku secinajumiem, ka kukuriizas auga
garums ir lielaks no nezalém tiros augsanas apstaklos
(Begna, Hamilton et al., 2001; Lejins, 1969). Auga
garumu mérija divos (2007. un 2008. g.) no trijiem

izméginajuma gadiem, un abos gados konstatgja ari
ciesu pozitivu sakaribu starp auga garumu un iegiito
sausnas razu (2007. gada—n=20,1=0.755>r, ,=0.561;
2008. gada — n=18, r=0.964>r =0.590).

Kukuriizas raza. Katra no izm&ginajuma gadiem
kaut kadi apstakli ietekm@ja gan nezalu ierobezosanas
efektivitati, gan augu attistibu, bet kopuma var teikt,
ka jebkur§ variants, kura tika ierobezotas nezales
(kaut arT ierobezosanas efektivitate ne vienmér bija
pietickama),devabiitisku(p<0.05)razaspalielinajumu
salidzinajuma ar kontroles variantu, kura nezales
netika ierobezotas (skat. 4. tabulu). Tas sakrit art
ar citu petnicku rezultatiem (Olson, Sander, 1988;
Lejins, 1969; Lejins, Slokenberga, Lejina, 1996).
Varianti, kuros tika ierobeZotas nezales, nodrosinaja
ne tikai lielaku razu, bet arT augstaku sausnas saturu
razas novakSanas laika, kas savukart var nodroSinat
labaku kukurtizas skabbaribas kvalitati. RazoSanas
apstaklos (ja lauka vérojamas liela izméra nezales,
pieméram, balta balanda, kas septembra beigas
parasti jau ir nokaltusi) nezalu piesarnojums var ne
tikai pazeminat sausnas saturu, bet ari paaugstinat
kokskiedras saturu masa.

Dispersijasanalize liecina, ka visos izm&ginajuma
gados razu visvairak ietekméja lietotais nezalu
ierobezosanas variants (ietekmes Tpatsvars pa
gadiem — 71%, 78% un 85%; p<0.001). Vismazaka
ieglitas atskiriba starp nezalu
ierobezosanas variantiem un kontroles variantu
bija 2007. gada (kontrole — 7.6 t ha'; variantos,

sausnas razas
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1. att. Kukurtizas sausnas razas un nezalu zalas masas sakaribas 2006.—2008. gada (p<0.01).
Fig. 1. Correlation between fresh mass of weeds at the 2nd accounting and
DM yield of maize during the research period (p<0.01).

kur nezales ierobezotas — 10.0-15.1 t ha';
RS, =1.45), kas skaidrojams gan ar arkartigi
lielo tiruma veronikas

kukurtizas

piesarnojumu, gan ar
vispiemérotakajiem
meteorologiskajiem apstakliem. Saja gada tiruma
veronika visefektivak tika kontroléta mehaniskas
nezalu ierobezoSanas variantd (2. variants), kur

arT tika ieglts vislielakais kukuriizas

audzeSanai

sausnas
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razas pieaugums salidzinagjuma ar kontroli

(4. tabula). Iegutais rezultats varStu but saistits
ar to, ka kukuriizas augSana tas agrinas attistibas
fazes ir atkariga no augsnes temperatiiras, bet
izméginajuma 2007. gada tiruma veronikas
zala masa visticamak kav&ja augsnes
sasilSanu, tadgjadi bremzgjot kukuriizas augSanu
un attistibu. ArT literatlira atrodami dati, ka augsnes

musu
bieza
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mulcésana pietickama mitruma apstaklos kave tas
iesilSanu un tadgjadi ar1 kukurtizas augsanu (Shaw,
1998).

Sakariba starp kukuriizas raZu un nezalainibu.
Analizgjot kukurtizas sausnas razas atkaribu no nezalu
zalas masas 5 ned€las péc nezalu ierobezoSanas
pasakumu veikSanas, visos trijos izmé&ginajuma
gados konstatja cieSu negativu sakaribu starp
Siem raditajiem, turklat faktiskie korelacijas
koeficienti pa gadiem bija loti lidzigi (2006. gada —
r=0.88; 2007. gada — r=0.89; 2008. gada — r=0.86;
r,,=0.735, n=11) (skat. 1. att.). legitais rezultats
sakrit ar citu petnieku noveroto, ka kukuriizas
sausnas razas samazinajums ir gandriz proporcionals
nezalu sausnas pieaugumam platibas vieniba (Olson,
Sander, 1988).

Secinajumi
1. Izméginajuma rezultati parliecino$i paradija
nezalu ierobezoSanas nozimi  kukuriizas

audz€Sana: jebkurs nezalu ierobezosanas variants
butiski palielinaja kukuriizas sausnas razu. Starp
kukuriizas sausnas razu un nezalu zalas masas
apjomu 5 nedglas péc herbicidu izsmidzinasanas
atzimé&ta bitiska negativa sakariba, toties starp
kukuriizas auga garumu, kas bija butiski lielaks,
ja nezales ierobezoja, un sausnas razu atziméta
butiska pozitiva sakariba.

2. Kukuriizas s€umos ar Joti lielu nezalu
piesarnojumu, ka arT mitruma deficita apstak]os
risingjums sekmigai nezalu ierobezoSanai ir
herbicidu tvertnes maisijumu lietosana. Pétjjuma
rezultati vedina domat, ka $ados gadijumos
lictojamas herbicidu maksimalas registrétas
devas agras nezalu attistibas stadijas. Tas ir
seviski svarigi tad, ja s€juma ir tadas nezales
ka balta balanda un loznu varpata, kuram ir
loti augsta konkurétsp&ja ar kukuriizu, it Tpasi
kultiirauga agrinas attistibas stadijas.

3. Mitruma deficita apstaklos, kas neveicina jaunas
nezalu paaudzes digSanu driz pe&c herbicidu
lietosanas, dalitai apstradei nav pozitiva papildu
efekta. Dalitas apstrades efekts, ja mitruma
trikums augiem ieilgst, var blt pat negativs
salidzinajuma ar vienreiz&ju smidzinasanu.

4. Mehaniska nezalu ierobezosana (ecgjot un/vai
rusinot) kombinacija ar herbicidu lietosanu varétu
but laba alternativa liela nezalu piesarnojuma
gadijuma. Sada panémiena efektivitate nezalu
ierobezosanai  japéta  papildus, pievérsot
uzmanibu arT ekonomiskajam aspektam.

10

Literatura

1.

10.

I1.

Begna, S.H., Hamilton, R.I., Dwyer, L.M.,
Stewart, D.W., Cloutier, D., Assemat, L.,
Foroutan-pour, K., Smith, D.L. (2001)
Morphology and yield response to weed
pressure by corn hybrids differing in canopy
architecture. European Journal of Agronomy,
14, 293-302.

Evans, S.P.,, Knezevics, S.Z., Lindquist, J.L.,
Shapiro, C.A., Blankenship, E.E. (2003) Nitrogen
application influences the critical period for weed
control in corn. Weed Science, 51, 408-417.
Kastvairo, T.W., Cox, W.J. (2000) Tillage x
Rotation x Management Interactions in Corn.
Agron. J., 92, 493-500.

Knezevic, S.Z., Evans, S.P, Mainz, M.
(2003) Yield Penalty Due to Delayed Weed
Control in Corn and Soybean: http:/www.
plantmanagementnetwork.org/pub/cm/
research/2003/delay/ — aprakstits
2009. gada 7. septembrT.

Latvijas Republika registreto augu aizsardzibas
lidzeklu saraksts. (2008) Riga, Valsts Augu
aizsardzibas dienests, 230 Ipp.
Lejins, A. (1969) Simazina
efektivitate kukuriizas séjumos un So preparatu
pecietekme. Disertacija  lauksaimniecibas
zinatnu kandidata grada ieglSanai. Jelgava,
LLA, 209 Ipp.

Lejins, A., Slokenberga, 1., Lejina, B. (1996)
Herbicida tell 75 WG efektivitate kukurtizas
s€jumos. No: Prieditis A. (sast.) Zinatniskas
konferences (1996. gada 7. un 8. februari)
Raksti. Jelgava, LLU, 83. Ipp.

Myers, M.W., Curran, W.S., Vangessel, M.J.,
Majek, B.A., Scott, B.A., Mortensen, D.A.,
Calvin, D.D., Karsten, H.D., Roth, G.W. (2005)
The Effect of Weed Density and Application
Timing on Weed Control and Corn Grain Yield.
Weed Technology, Vol. 19, 102—-107.

Olson, R.A., Sander, D.H. (1988) Corn
production. In: Spraque G.F., Dudley J.W. (eds)
Corn and corn improvement. Third edition.
ASA, CSSA, SSSA, Madison, Wisconsin,
639-686.

Rajcan, 1., Swanton, C.J. (2001) Understanding
maize-weed competition: resource competition,
light quality and the whole plant. Field Crop
Research, Vol. 71 (2), 139-150.

Shaw, R. H. (1988) Climate requirements. In:
Spraque G.F., Dudley J.W. (eds) Corn and corn

Resurss

un atrazina

LLU Raksti 24 (319), 2010, 1-11



J. Kopmanis, Z. Gaile

Nezalu ierobezosanas panémienu efektivitate kukurizas séjumos

12.

13.

improvement. Third edition. ASA, CSSA, SSSA,
Madison, Wisconsin, 609-638.

Stoimenova, 1., Alexieva, S. (2003) Predicting
yield loss due to interference from weed flora
using weed density data or weed dry biomass.
Proceedings of 7th European Weed Research
Society Mediterranean Symposium. Adana,
Turkey, 135-136.

Tharp, B.E., Kells, JJ.,, Bauman, T.T.,
Harvey, R.G., Johnson, W.G., Loux, M.M.,
Martin, A.R., Maxwell, D.J., Owen, M.D.K.,

Pateiciba

14.

Regehr, D.L., Warnke, J.E., Wilson, R.G.,

Wrage, L.J., Young, B.G., Dalley, C.D.
(2004) Assesment of Weed  Control
Strategies for Corn in the North-Central
United States. Weed Technology, Vol. 18,
203-210.

Weed management. (2000) Modern corn
and  soybean  production. First edition.

Hoeft R.G., Nafziger E.D., Johnson R.R.,
Aldriht  S.R. (eds) MCSP Publications,
USA, 173-183.

Peétijums veikts, pateicoties LR ZM subsidiju ,, Atbalsts izglittbai, zinatnei un informacijas izplatisanai” sadalas
,, Demonstrejumu saimniectbam un lauksaimniecibas izstadei” finansejumam 2006.—2008. gada.

LLU Raksti 24 (319), 2010, 1-11

11



1. Apenite  Dzérvenu dzinumu pangodina skaita dinamika dzérvenu stadiijuma Latvija

Dzérvenu dzinumu pangodina (Dasineura vaccinii S.) skaita dinamika
Amerikas lielogu dzérvenu stadijuma vegetacijas sezona Latvija
Dynamics of the Number of Cranberry Tipworm (Dasineura vaccinii S.)
in American Large-fruited Cranberry Plantation in the
Vegetation Season in Latvia

Ilze Apenite
VSIA Latvijas Augu aizsadzibas p&tniecibas centrs
Latvian Plant Protection Research Centre, State Ltd
e-mail: Ilze.Apenite@laapc.lv

Abstract. The cranberry tipworm Dasineura vaccinii S. (Diptera, Cecidomyiidae) dynamics of American
large-fruited cranberry (Oxycocccus macrocarpus or Vaccinium macrocarpon (Ait.) Pers.) was studied in the
north-east part of Latvia in 2005 and 2006. Main attention was paid to the effect of weather conditions (air
temperature, precipitation) on the course of D. vaccinii development stages (eggs, 1st-3rd larval stages, and
pupae). Dynamics of D. vaccinii flying out and further development was dependent on the plants growth stage
which, in its turn, was affected by the air temperature and relative humidity in the cranberry plantation. The
maximum infestation level by D. vaccinii was observed during the Ist and 2nd 10-day period of July when
more than half (50-66.9%) of all cranberry vertical apical shoots were invaded. In the large-fruited cranberry
plantation, two D. vaccinii generations were observed: the first generation developed in the 2nd and 3rd
10-day period of June, the second generation — in the 3rd 10-day period of July and the Ist 10-day period of
August. Egg hatching of the first generation was delayed by the low minimal air temperature (below 0 °C)
at the beginning of the vegetation season, but later egg hatching was influenced by the amount and intensity
of precipitation, which was not statistically provable. The development course of D. vaccinii 2nd—3rd-stage
larvae and the intensity of pupation were affected by the maximal air temperature and precipitation during the
vegetation season.

Key words: cranberry vertical apical shoots, 1st-3rd larval stages, pupae.

Ievads

Dzérvenu dzinumu pangodin$ ir sastopams
gandriz visur, kur audzé lielogu dz&rvenes
(Golf, 1893; Caruso, Ramsdell, 1995; CunopoBuuy,
KymunoB u gap., 1987; Topnenko, byra, 1996).
Vieniga vieta Latvija, kur tas lidz $im nav ticis
konstatéts, ir Latvijas dienvidu dala — Piejiiras
klimatiska zona.

Augsta gaisa temperatira (augstaka par
+30 °C), spilgta saule, zems relativais gaisa
mitrums un stiprs dienvidu vEj§ sekmé udens
deficitu augam (Ripa, 1996) un aizkavé Amerikas
lielogu dz&rvenu attistibu — sakalst ziedu aizmetni
un aizkavgjas jauno dzinumu un lapu augSana
(Caruso, Ramsdell, 1995). Sadiem laika apstakliem

* Lielogu dz@rvenu saimniecibas izveidoSanas projekts:

2010. gada 10. janvari.
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pastavot ilgstosi, tiek ierobezota dz&rvenu dzinumu
pangodina populacijas attistiba, jo trukst augu
turgora, kas nepiecieSams iz8kTluSos kapuru talakai
kapuraugumu nomainai un attistibai (Lasota, 1988;
Ponennopd, 1964).

Dérvenu dzinumu pangodinam ir divi izlidoSanas
periodi — no maija beigam lidz jiinija vidum un no
julija sakuma lidz jilija beigam. Dz&érvenu dzinumu
pangodina paaudzu skaits ir atkarigs no gaisa
temperatiras, mitruma un citiem klimatiskajiem
faktoriem. Pangodinam Kanada ir tris paaudzes,
bet Princa Edvarda sala, Irija un Amerika — divas
paaudzes* (T'opnenko, byra, 1996).

Lai samazinatu dzérvenu dzinumu pangodina
populacijas apjomu lielogu dz&rvenu stadijuma,

http.://www.ltn.lv/~laivniek/projekts — Resurss aprakstits
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Ziemelamerikas p&tnieki Averill un Sylvia (1998)
lielu uzmanibu piever§ dz&rvenu vertikalo dzinumu
parbaudei un kaitkla attistibas stadijas noteiksanai.
Vini ir novérojusi, ka visefektivakais laiks kapuru
ierobezo$anai ir tad, kad tie tikko izskiluSies, t.i., ir
caurspidigi vai balti (pirma attistibas stadija).

Materiali un metodes

Petfjumi par meteorologisko apstaklu ietekmi
uz dz€rvenu dzinumu pangodina attistibu lielogu
dz@rvenu stadijuma tika veikti Aldksnes rajona
SIA ,Lienama Altksne” (Latvijas ZA dala) no
2005. gada lidz 2006. gadam. Eksperimentalo dalu
veica gan saimnieciba uz vietas, gan VSIA Latvijas
Augu aizsardzibas pétniecibas centra (LAAPC)

laboratorija.
Lai raksturotu meteorologiskos  apstaklus
lielogu dz&rvenu stadijuma, izmantoti

SIA ,Lienama Aluksne” registrétic meteorologiskie
dati: minimala un maksimala gaisa temperattra (°C)
un nokri$ni (mm).

P&tijumu iekartoja izstradata augsto stinu kiidras
purva (pH KCI — 2.8). Pétfjuma izmantoja Amerikas
lieclogu dzérvenu Skirni ‘Stevens’, ko saimnieciba
audz& kop$ 1997. gada. Izméginajumu iekartoja
8 randomizgti izveletos laucinos, katra laucina
platiba — 30 m2.

Dzgrvenu dzinumu pangodina uzskaiti uz augiem
veica katra no parauglaukumiem jeb atkartojumiem,
sakot no dz€rvenu vertikalo dzinumu izvirziSanas
briza Iidz razas novakSanai. Dzervenu dzinumu
pangodina attistibas izp&tei vaca 20 randomoz&ti
izveletus dzervenu vertikalos katra
atkartojuma (Apenite, 2007), un tos nekavéjoties
ievietoja  polietiléna (18x10  cm)
ar gaisa atverém. Maisinus ar paraugiem ievietoja
aukstuma soma (+4 °C) un nogadaja LAAPC
laboratorija, kur katru dzinumu analiz€ja ar
binokularo mikroskopu MEIJI (palielinajums no
0.7 Iidz 4.5%) un mikroskopu CX31 (izmantotais

dzinumus

maisina

palielingjums — 40x un 100x). Tika izmantots
PSRS  Eiropas  dalas  kukainu  noteicgjs
(Onpenenurens ..., 1978).

Dzérvenu  dzinumu  pangodinu  dz&€rvenu
vertikalajos  dzinumos  pétija pa  attistibas

stadijam — olas, kapuri (1.-3. kapurauguma stadijas
kapuri), kiininas un picaugusie Ipatni.

Lai noteiktu dz€rvenu dzinumu pangodina un
liclogu dz@rvenu attistibas intensitati vegetacijas
sezona, SIA ,Lienama Aliksne” lielogu dzervenu
stadijuma tika veikti regulari gaisa
temperatiiras un nokrisnu daudzuma merfjjumi.

diennakts
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Dzgrvenu dzinumu pangodina invadétibu (P, %)
aprekinaja pec formulas:

nx100
P= N
kur
n — kaiteklu daudzums, gab.;
N - kopgjo parbaudito dzinumu daudzums,
gab. (MuTerpupoBanssie ..., 2005).
Dinamiskas rindas izpétei tika izmantota

parametrisko lielumu kopa aranzéta seciba. Par
kritériju aranz€Sanai izmantots laiks (dienas), rékinot
to no briza, kad sakas liclogu dzervenu vegetacija (t.i.,
izvirzas dzeérvenu vertikalie dzinumi). Korelacijas
analize pielietota, lai noteiktu meteorologisko
apstaklu (vidéja, minimala un maksimala gaisa
temperatiira, °C) un nokriSpu (mm) ietekmi uz
dz@érvenu dzinumu pangodina attistibas stadijam. Lai
izvertetu iegtitos datus, aprekinata vertiba salidzinata
ar kritisko vertibu. legiitie rezultati analizeti,
izmantojot vajadzigo bitiskuma ITmeni (p=0.05;
0.01) un faktisko nov€rojumu skaitu (Arhipova,
Balina, 2006; Liepa, 1974).

Rezultati un diskusija

Dzérvenu dzinumu pangodins saka izlidot
junija 1. dekades beigas un 2. dekadg, kad dzérveném
bija izvirzijusies vertikalie dzinumi un attistTjusas
lapas. Lielogu dzérvenu stadijuma visaugstako
invazijas pakapi ar dz€rvenu dzinumu pangodinu
vargja verot julija sakuma (05.07. un 12.07.),
kad bija invadéti 50.0-66.9% dzervenu vertikalo
dzinumu galotnu (1. att.).

2006. gada maija un junija sakuma zemas gaisa
temperatiiras ictekmé aizkavgjas dzervenu vertikalo
ataugSana, tade]
pangodina attistiba notika nedélu vélak neka
2005. gada  vegetacijas  sezona.  Vélak,
paaugstinoties  gaisa temperatiirai, paatrinajas
gan dzervenu vertikalo dzinumu augSana, gan arl
dzeérvenu dzinumu pangodina attistiba.

Dzervenu dzinumu pangodina attTstibas dinamikas
un skaita dinamikas izmainu salidzinajums divas
vegetacijas sezonas liecingja, ka julija 3. dekade
un augusta 1. dekad€ norisinajas pangodina otras
paaudzes attistibas cikls — 2005. gada no 56. dienas
Iidz 72. dienai, bet 2006. gada no 38. dienas Iidz
54. dienai kop$ vegetacijas sezonas atsakSanas un
dzérvenu dzinumu pangodina izlidoSanas (2. att.).

Analizgjot katru dz€rvenu dzinumu pangodina
attistibas stadiju atseviski, visgritak bija konstatét

dzinumu dzé€rvenu dzinumu
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1. att. Dz@rvenu vertikalo dzinumu invadétiba (% no kopgja augu skaita) ar
D. vaccinii vegetacijas sezona.
Fig. 1. Infestation of cranberry vertical shoots (% from the total number of plants) by
D. vaccinii in the vegetation season.
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2. att. D. vaccinii skaita dinamikas izmainas dzérvenu vertikalajos dzinumos vegetacijas sezona, %.
Fig. 2. Changes in the dynamics of the number of D. vaccinii on
cranberry vertical shoots in the vegetation season, %.

dzérvenu dzinuma pangodina olas. Sakuma perioda
(2005. gada) to apgriitindja mitrie augu paraugi un
1sais laika posms (20-24 stundu laika p&c paraugu
savaksanas), kura japaspgj parbaudit augu paraugus,
kamer olas nav aizgajusas boja. 2005. gada vegetacijas

14

sezona imago matite intensivi dja olas lidz pat
43. dienai (05.07.), un ar pangodina olam tika
invadéts 3.1% vertikalo dzinumu galotnu. Otrais
periods, kad notika intensiva olu déSana, bija no
56. dienas lidz 72. dienai. Saja Tsaja laika perioda

LLU Raksti 24 (319), 2010, 12-19



1. Apenite

Dzérvenu dzinumu pangodina skaita dinamika dzérvenu stadiijuma Latvija

30

25

20

T
* 225
/J_ !

17.5

% 15

A

10
13 3.1 /

[\ ke

0 0

0
0 —<
.

2005.

14‘28‘43‘56‘7

RN

26‘38‘

2006.

Uzskaites diena / Day of assessment

3. att. D. vaccinii olu dé$anas intensitates izmainas vegetacijas sezona, %.
Fig. 3. Changes in the intensity of D. vaccinii egg laying in the vegetation season, %.

(12 dienas) tika invadéti 22.5% dz&rvenu vertikalo
dzinumu galotnu, kas bija par 19.4% vairak
neka sakuma perioda, t.i., no 1. Iidz 43. dienai.
Veicot korelacijas vargja secinat, ka
dzeérvenu dzinumu pangodina izdéto olu daudzums
bija atkarigs no nokri$nu daudzuma, bet matematiski
to pieradit nevargja (F,, =1.069<F  =2.447) -
jo lielaks bija relativais gaisa mitrums, jo vairak
aizkavejas dzervenu dzinumu pangodina matites
lido$ana un désana.

2006. gada vegetacijas sezonas sakuma, kad
strauji palielinajas vidgja gaisa temperatiira, arl
pangodina olu déSana notika intensivak neka
2005. gada vegetacijas sezonas
maksimalais invad&to dzeérvenu dzinumu daudzums
(17.5%) tika konstatéts jau 12. diena no dzervenu
vertikalo dzinumu izvirziSanas sakuma. Nokri$nu
daudzuma palielinasanas
jo bija ierobezota dz€rvenu dzinumu pangodina
matites lidoSanas aktivitate, kas savukart par
15% samazinaja ar jauniem olu d&umiem invadéto
dzérvenu dzinumu daudzumu (N=160). Bet no
26. lidz 38. dienai, kad nokriSnu daudzums un
intensitate lielogu dzérvenu stadijuma samazinajas,
ar pangodina olam invadéto dzinumu daudzums
palielinajas par 3.8%. Petfjumu rezultati liecinaja,
ka 2006. gada otras paaudzes imago matite olas saka
det 34 dienas atrak neka 2005. gada (3. att.).

Veicot korelacijas tika konstatgts,
ka 2006. gada vegetacijas sezona dzeérvenu

analizi,

sakuma, un

aizkavéja olu désanu,

analizi,
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dzinumu pangodina matites olu déSanu un déSanas
intensitati butiski ietekm&a minimala gaisa
temperatura (F, =2.25>F  =1.94). Paaugstinoties
gaisa temperatirai, palielindjas ar1 olu d&Sanas
intensitate.

Dzérvenu dzinumu pangodina kapurauguma
stadiju analizes rezultati radija, ka 2005. gada
no vegetacijas sezonas 1. dienas lidz 14. dienai
6.3-10.6% dzeérvenu vertikalo dzinumu bija
invad@ti ar dz@rvenu dzinumu pangodina visam
trijam kapurauguma stadijam, no 14. Ilidz
28. dienai 2. un 3. kapurauguma stadiju kapuru
attistiba  bija 3.1%, bet
no 28. lidz 43. dienai to attistiba bija ieilgusi.
Pec 43. dienas vargja noverot, ka maksimalas

samazinajusies par

gaisa temperatiras (F,, =1.96 un 1.95>F  =1.94)
ietekmé kapuru attistiba pakapeniski saka
mazinaties, jo trika to attistibai nepiecieSama

augu lapu turgora. Toties ar 1.
stadijas kapuriem invadéto dzinumu daudzums
lidz vegetacijas sezonas 43. dienai palielinajas
11dz 10.0%, jo dzérvenu vertikalo dzinumu galotn&s
Saja laika notika pakapeniska kapuru skilsanas no
sadétajam olam. P&c 43. dienas 1. k@apurauguma
stadijas kapuru skaits strauji samazinajas, un
56. diena bija invadéts tikai 0.1%
vertikalo dzinumu (4. att.). Ta ka jauni olu d&jumi
analiz€tajos dzinumos netika konstateti, tad arl
jauna 1. kapurauguma kapuru SkilSanas vairs
nevargja notikt.

kapurauguma

dz&rvenu
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%

2005. 2006.
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14‘28‘43‘56‘72

2005.

Uzskaites diena / Day of assessment

A — 1. kapurauguma stadija B — 2. kapurauguma stadija C — 3. kapurauguma stadija
A — 1st larval stage B — 2nd larval stage C —3rd larval stage

4. att. D. vaccinii tr1s kapurauguma stadiju kapuru attistibas intensitates izmainas
vegetacijas sezona, %
Fig. 4. Changes in the intensity of the development of D. vaccinii
Ist-3rd-stage larvae in the vegetation season, %.

LLU Raksti 24 (319), 2010; 12-19



1. Apenite

Dzérvenu dzinumu pangodina skaita dinamika dzérvenu stadiijuma Latvija

2005. gada vegetacijas sezona 1. kapurauguma
stadijas kapuru skilSanos un turpmako attistibu
lielogu dzérvenu stadijuma (F , =1.069<F  =1.94)
vargja ietekmét julija un augusta 1. dekades regularie
nokri$ni, kuri Joti atri arT iztvaikoja.

2006. gada vegetacijas sezona dzérvenu stadijuma
invad@tiba ar visu triju kapurauguma stadiju kapuriem
vislielako pakapi sasniedza 26. diena p&c dzeérvenu
vertikalo dzinumu izvirziSanas, kad ar kapuriem bija
invadéti 7.0-13.8% dz€rvenu vertikalo dzinumu
galotnu. Turpmakaja vegetacijas
vérot, ka visu kapurauguma stadiju kapuru skaits
analizetajas dz€rvenu vertikalo dzinumu galotnés
pakapeniski samazinajas — no 1.9 l1dz 4.4%.

Veicot datu  matematisko  apstradi, tika
konstatéts, ka 2006. gada vegetacijas sezona
1. kapurauguma stadijas kapuru attistibu ietekmgja
gan minimala (F_ =2.33>F =1.94), gan vidgja

fakt 0.01
gaisa  temperatira (F_ =2.05>F  =1.94), bet

2. un 3. kapurauguma stacﬁljtu kﬁpuruog;ﬁsﬁbu batiski
(p<0.05; 0.01) ietekm&ja gan minimala (F_, =2.67;
2.90>F . =2.447;1.94), ganmaksimala (F =2.65;
2.77>F  ,,=2.447; 1.94), gan vid&ja gaisa temperatiira
(~+20 °C) (F,,=2.65; 2.77>F .., ,=2.447; 1.94).
2005. gada no vegetacijas sezonas 1. dienas lidz
14. dienai dz€rvenu dzinumu pangodina attistiba

norisinajas Joti strauji — imago matite intensivi

sezona vargja

fakt

dgja olas, bet izSkiluSies kapuri pasp&ja nomainit
tris kapuraugumu kapuru stadijas un iekiinoties.
Dzérvenu dzinumu pangodina attistibu vegetacijas
sezonas sakuma biutiski ietekm&ja minimalas gaisa
temperatiiras samazinasanas un maksimalas gaisa
temperatiiras  palielinasanas lielogu
stadljuma. Sajas divas nedelas bija paspgjusi
iektinoties 13.8% 3. kapurauguma stadijas kapuru
(5. att). No 14. Iidz 28. dienai 3. kapurauguma
stadijas kapuru iekiinosanas intensitate palielinajas
par 13.7%, un 28. diena dz&rvenu vertikalajos
dzinumos bija iekiinojusies jau 27.5% pangodina
3. ka@purauguma stadijas kapuru. Savukart no
28. lidz 72. dienai kapuru ickiino$anas intensitate
pakapeniski actmredzot  bija
ietekm&jusi ieprieksgjo dz&rvenu dzinumu pangodina
populacijas stadiju (olu un 1.-3. kapurauguma
kapuru) attistibas intensitate, un 72. diena bija
atrodami vairs tikai 0.6% dzinumu, ko bija invad&jusi
iekiinojusies kapuri.

2005. un 2006. gada 3. kapurauguma stadijas
kapuru ieklinosanas intensitate norisinajas Iidzigi.
Iznémums bija 2006. gada vegetacijas sezonas
sakums (1.-12. diena), kad iekiinojusies bija tikai
1.3% kapuru, kas ir par 12.5% mazak neka taja
pasa laika intervala 2005. gada. Datu matematiskaja
apstradé tika konstatéts, ka ieklinosanas intensitati

dzérvenu

samazinajas, ko

35

7]

30 |

25
20
%
15

10

1 14 28 43 56

72 1 12 26 38 54
2006.

Uzskaites diena / Day of assessment

5. att. D. vaccinii kiininu veido$anas intensitate vegetacijas sezona, %.
Fig. 5. Intensity of D. vaccinii pupal development in the vegetation season, %.
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Saja laika bija ietekmé&jusi zema minimala gaisa
temperatiira (Tpasi naktis) junija 1. un 2. dekade.
2006. gada no vegetacijas sezonas 12. dienas

Iidz 26. dienai iekliposanas intensitatei bija
tendence  (F, =1.44<F  =1.94)  palielinaties
lidz ar gaisa temperatiiras paaugstinasanos -—

dzinumu skaits, ko bija invad&jusi iektinojusies 3.
kapurauguma stadijas kapuri, sasniedza 28.1%, kas
bija gandriz tikpat daudz, cik 2005. gada vegetacijas
sezonas taja pasa laika intervala. Savukart no

26. dienas Iidz 54. dienai  pangodina
3. kapurauguma stadijas kapuru iekiinoSanas
intensitate ~ dzervenu  vertikalajos  dzinumos
pakapeniski  samazinajas, un 54. diena
(no dzérvenu vertikalo dzinumu ataugSanas
sakuma), veicot dzeérvenu vertikalo dzinumu

analizi, neviena jauna dz&rvenu dzinumu pangodina
ktinina vairs netika konstatéta (5. att.).

Korelacijas analize liecinaja, ka 2005. gada
3. kapurauguma stadijas kapuru ieklinoSanas
intensitati bija ietekm&usi maksimala gaisa
temperatiira (F,.=1.99>F  =1.94). Augstas
gaisa temperatiras (augstaka par +30 °C) un
zema gaisa relativa mitruma d&l augiem triika
kapuru attistibai nepiecieSama augu turgora. Bet
2006. gada 3. kapurauguma stadijas kapuru
iekiinosanas intensitati bija ietekméjusi vidgja gaisa
temperattira (F , =1.54<F  =1.94).

Apkopojot pétljumu rezultatus par dzeérvenu
dzinumu pangodina skaita dinamikas izmainam
lielogu dzervenu stadijuma, vargja secinat, ka
dzérvenu dzinumu pangodina lidoSanas un attistibas
dinamiku vegetacijas sezona ir iesp&jams prognozget
no briza, kad sakas lielogu dzeérvenu vertikalo
dzinumu ataug$ana, kas galvenokart ir atkariga no
gaisa temperatliras un relativa mitruma stadijuma.
Dzervenu dzinumu pangodin$ nespgja attistities,
jo meteorologisko apstaklu ietekmé bija aizkavéta
lielogu dz@rvenu attistiba, galvenokart jauno
dzinumu un lapu augsana, tapéc nepiecieSamais
mitrums liclogu dzérvenu stadijuma vegetacijas
sezona tika nodroSinats ar laistiSanas sistémas
palidzibu.

Paliclinoties gaisa temperatiirai vegetacijas
sezonas sakuma, paatrinajas ar1 dz&rvenu dzinumu
pangodina populacijas izlidosana un attistiba.
Visaugstaka invazijas pakape ar dz&rvenu dzinumu
pangodinu bija novérojama jilija 1. un 2. dekadg,
kad invadéta bija vairak neka puse dzervenu
vertikalo dzinumu galotnu (50-66.9%).

Dz@érvenu  dzinumu  pangodina  paaudzu
skaits Latvijas, Irijas (Prinéa Edvarda sald) un
Amerikas lielogu dzérvenu stadijumos ir lidzigs.
SIA ,Lienama Aliksne” lielogu
stadijjuma veiktajos petijumos par
dzinumu pangodina skaita izmainam vegetacijas
sezona  vargja novérot divas  pangodina
paaudzes: pirmo paaudzi — jinija 2. un
3. dekadg, bet otro paaudzi — jilija 3. dekade
un augusta 1. dekade, kad dzervenu vertikalajos
dzinumos tika konstat&ti jauni olu déjumi.

Literatara dati*, ka
kur vegetacijas lielogu
atsakas apméram vienu lidz pusotru ménesi atrak
neka Latvija, pirma dzérvenu dzinumu pangodina
paaudze izlido no maija beigam Iidz junija
vidum, bet otra paaudze — no jilija sakuma Iidz
julija beigam, kas ir apméram ménesi atrak
neka Latvija.

Dz@rvenu dzinumu pangodina pirmas paaudzes
1.kapuraugumaskilSanosvegetacijassezonassakuma
ietekm&ja minimala gaisa temperatiira (zemaka
par 0°C), bet velaka laika perioda — gan maksimala
gaisa temperatiira, gan arT nokriSnu daudzums
un intensitate, ko matematiski nevargja pieradit.
Dzérvenu dzinumu pangodina 2. un 3. kapurauguma
stadijas kapuru attistiba un ickiinoSanas intensitate
lielogu dz@rvengs bija atkariga no maksimalas gaisa
temperatiiras un nokri$nu daudzuma vegetacijas
sezona.

dz&rvenu
dz&rvenu

Amerika,
dzeérveném

atrodami
sezona

Secinajumi

1. D. vaccinii visas attistibas stadijas (olas,
1.-3. kapurauguma stadijas un kiininas)
ietckm&ja gaisa temperatira (p<0.01) un
nokriSnu  daudzums  vegetacijas  sezona.

Paaugstinoties gaisa temperatiirai vegetacijas
sezonas sakuma, paatrinajas ari pangodina
attisttba.  Turpretim  temperatiras  talaka
paaugstina$anas un gaisa relativa mitrumam
pazeminasanas pangodina attistibu aizkavéja.

2. Vislielako skaitu D. sasniedza
julija 1. un 2. dekadé, kad bija invadéta
vairak neka puse dz€rvenu vertikalo dzinumu
galotnu (50—66.9%).

3. Latvija varga noveérot divas D.
paaudzes: pirmo pangodina paaudzi — jinija 2.
un 3. dekadg, bet otro paaudzi — jiilija 3. dekade
un augusta 1. dekade, kad dzeérvenu vertikalajos
dzinumos tika konstatgti jauni olu d&jumi.

vaccinii

vaccinii

* Natural History of the American Cranberry: http.:www.umass.edu/cranberry/images/16month.htm — Resurss aprakstits

2010. gada 8. janvari.
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Reducing Sugar Content and Colour Intensity of Fried
Latvian Potato Varieties
ReducéjoSo cukuru saturs un krasas intensitate ceptos
Latvijas Skirnu kartupelos

Irisa Murniece, Daina Karklina, Ruta Galoburda, Martins Sabovics
Department of Food Technology, LLU
LLU Partikas tehnologijas katedra
e-mail: irisamurniece@yahoo.com

Abstract: The Maillard reaction between amino acids and reducing sugars is responsible for the development
of colour and taste of fried potato products. The aim of the research was to evaluate the reducing sugars content
and subsequently colour intensity of five Latvian potato varieties prepared by common frying methods used in
Latvia. The research was carried out on five potato varieties (‘Lenora’, ‘Brasla’, ‘Imanta’, ‘Zile’, and ‘Madara’)
in two potato harvesting years (2007 and 2008) divided into two seasons: before storage (in autumn), and
after a six-month storage (in spring) at 5+1 °C and relative air humidity of 80+5%. Potatoes were prepared by
roasting in oven (21045 °C), shallow frying (15045 °C), and deep-fat frying (180+5 °C). Total reducing sugars,
fructose and glucose content as well as the colour (L* a* b*) of fried potatoes were analyzed. The amount of
total reducing sugars differed per each type of cooking method and potato variety. Glucose and fructose content
was higher in potatoes stored for longer time. After storage the highest amount of glucose was observed in
the potato variety ‘Zile’ (i.e. 0.808 g 100 g'), whereas the highest amount of fructose was in ‘Brasla’ potatoes
(i.e. 0.143 g 100 g ). The effect of storage and heat treatment on the colour formation and amount of reducing

sugars differed per each potato variety.

Key words: potatoes, storage, frying, reducing sugars, colour.

Introduction

Potato is one of the world’s major agricultural
crops. It is consumed daily by millions of people
from diverse cultural backgrounds and itis already an
integral part of the global food system (International
..., 2008). From potato (Solanum tuberosum L.)
harvest to consumption there are many factors that
cause changes in chemical composition and, as a
consequence, in nutritional value. Changes mainly
occur during storage and culinary process (Burton,
van Es, Hartmans, 1992). Storing of potato tubers
at a low temperature is desirable because it inhibits
sprouting and reduces the loss due to storage rot
(Burton, Wilson, 1978), but low-temperature storage
of potatoes, however, leads to an accumulation of
sugars by a process that is called “low-temperature
sweetening” (Burton, 1989; Sowokinos, 1990)
where rapid conversion of starch to reducing sugars
occurs (Smith, 1975).

On average, potatoes contain 19.4% of
carbohydrates, mainly starch, and some sucrose,
fructose and glucose within the range 0f 13.3-30.53%
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(Pavlista, Ojala, 1997; Smith, 1975). Reducing
sugars such as fructose and glucose in reaction
with a-amino groups form dark colour and give
a bitter taste to fried potatoes (Davies, Viola,
1992). The increased content of reducing sugars
can contribute to development of darker colour,
sweeter taste and soft texture in a fried product
probably due to the low content of starch and
increased content of reducing sugars (Adams,
2004). Optimum content of reducing sugars in
potatoes is 0.1%, and it should not exceed 0.33%
(Davies, Viola, 1992).

One of the oldest and commonly used cooking
methods is frying because of taste, aroma and colour
of the product (Simac-Brn¢i¢, Lelas et al., 2004).
The colour of the food surface is the first quality
parameter evaluated by consumers and is critical in
the acceptance of the product, even before it enters
the mouth (Scanlon, Roller et al., 1994). Fried potato
colour is the result of Maillard, non-enzymatic
browning reaction that depends on the superficial
reducing sugars content, i.e. mainly glucose and
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fructose, and the temperature as well as the frying
period (Marquez, Afién, 1986) wherein heat and
mass transfer phenomena take place during frying
causing physicochemical changes which affect the
colour of fried products (Krokida, Oreopolou et al.,
2001; Pokorny, 1999).

The aim of the research was to evaluate reducing
sugars content and subsequently colour intensity of
five Latvian potato varieties prepared by common
frying methods used in Latvia.

Materials and Methods

Potato tubers of five varieties (hereinafter in
the text “potatoes”) — ‘Lenora’, ‘Brasla’, ‘Imanta’,
‘Madara’, and ‘Zile’ — were bred, cultivated and
stored at the State Priekuli Plant Breeding Institute.
The size of the tubers was witnin the range of
4-6 cm, and average mass — 200+15 g. The research
was carried out over a period of three years, analysing
the potato samples in the autumn of 2007 and 2008
after the harvest, and in the spring of 2008 and 2009
after storing the respective year’s harvest in a cellar
at 5+1 °C and relative humidity of 80+5%. The
storage temperature was low therefore the potatoes
before frying were stored for 1-2 weeks at the room
temperature of 20+3 °C to promote reconditioning
of carbohydrates in potatoes, thus diminishing the
content of reducing sugars in the potatoes.

The potatoes were prepared using three types of
frying: in an oven (potato to oil ratio — 1:0.009, at
21045 °C), ina pan—in a small amount of 0il (1:0.04,
at 15045 °C), and in adeep-fat fryer—inahigh amount
of oil (1:4.9, at 175+5 °C). For each frying method,
the cutting or slicing methods were different: for
shallow frying the potatoes were sliced into 0.7x1.0
and 3—4 cm long strips; for deep fat frying — into
0.6 x 0.6 and 4-5 cm long strips; and for baking
in the oven the potatoes were cut horizontally into
halves. Sunflower-seed oil “Floriol” was used for
frying.

The potatoes were fried both before and after
the storage, and afterwards were analysed for dry
matter content by LVS ISO 6496:1999, for total
reducing sugars and fructose (Somogyi, 1952), and
for glucose content (Foreman, 2004).

The colour of potato samples was measured by
“Color Tec-PCM” device (USA). For evaluation
of the colour of uncooked potato samples, potato
slices were cut shortly before measurement in order
to avoid formation of melanin pigments in non-
enzymatic browning reaction which can affect the
accuracy of colour measurement. For evaluation of
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the colour of fried potato samples, the product was
homogenized, transferred to a Petri dish, and covered
by a transparent PP film (“Forpus”), thickness of
25 um, to avoid direct contact between the aperture
of the measuring device and the product. The colour
was measured at least in seven various locations of
the sample in order to obtain higher accuracy after
calculation of the mean value. For data analysis,
“ColorSof QCW” software was used.

The colour was defined by three co-ordinates
according to the CIE (Commission Internationale de
[’Eclairage) lab system: L* (lightness) — the vertical
co-ordinate that runs from L*=0 (black) through
grey to L*=100 (white); a* (redness) — the horizontal
co-ordinate that runs from -a* (green) through grey to
+a* (red); and b* (yellowness) — another horizontal
co-ordinate that runs from -b* (blue) through grey
to +b* (yellow) (Coultate, 2002). For evaluation of
colour change, the total colour difference (TCD),
AE*, was calculated between measurements in fresh
and fried samples (Serpen, Gokmen, 2009; Mafalda
Quintas, Teresa Branddo, Cristiana Silva, 2007)
according to equation (1):

AE*= (L' =L'0)* +(a’ —a"o)* + (b —b"0)* (1)

where

L° a" b" - value measured in an
T uncooked potato sample;
L*o’ a*o’ b*o — value measured in a fried

potato sample.

For mathematical data processing, the following
tests and analyses were used: one-factor and
two-factor dispersion analyses (ANOVA), Tukey’s
test, correlation and regression analysis, as well as
least squares method (Arhipova, Balina, 2003).

To compare the obtained results of chemical
analyses for non-fried and differently fried potatoes,
recalculation was carried out from g 100 g of fresh
weight (FW) per g 100 g' of dry weight (DW).
The results expressed per DW allow comparing
changes in a particular compound between
differently cooked potatoes, whereas FW was used
to compare the results of our research with those
published in the literature. The results represent
the mean value and standard deviation from
both harvest years of the potatoes. The proposed
hypotheses were tested with the p-value method,
and the factors were evaluated as substantial
if p-value<a=0.05. It was assumed that a=0.05 at
95% confidence.
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Results and Discussion
The content of reducing sugars, glucose, and
fructose in raw potatoes

Before potato storage, in the analysed potato
varieties the total content of reducing sugars in
100 g of DW is within the range of 0.25 g (‘Zile’)
to 3.27 g (‘Lenora’), and after storage — 1.85 g
(‘Madara’) — 3.89 g (‘Zile’). In the researched potato
varieties the content of reducing sugars after storage
has increased. In the analysed potato varieties,
before storage, the total content of reducing sugars
in 100 g of DW varied from 0.25 g (‘Zile’) to 3.27 g
(‘Lenora’), but after storage it increased and varied
from 1.85 g (‘Madara’) to 3.89 g (‘Zile’). Our results
agree with the results obtained in other scientists’
research on potatoes (Gichohi, Pritchard, 1995; Storey,
Davies, 1992; Burton, 1989). The increase in the
content of reducing sugars can be explained not only
by the mutual influence between sugars and starch at
low storage temperature, but also by physiological
ageing of the potato tubers and the beginning of the
sprouting process (Storey, Davies, 1992; Orr, Sacks,
1992; Hertog, Putz, Tijskens, 1997).

In the research, the total content of reducing
sugars in potatoes after storage, in comparison
to their content in potatoes analysed just after
harvesting, had increased 1.78 times on average
(Table 1).

The results obtained by data analysis indicate
significant differences in the mean values of the
content of reducing sugars in potatoes before and
after the storage (p=0.008).

The high standard deviation can be explained
by the substantial differences between the results
obtained on researched potatoes in the harvest years
2007 and 2008.

The content of total reducing sugars in 100 g of
FW varied: before storage — from 0.06 g (‘Zile’)
to 0.69 g (‘Brasla’), and after storage — from
0.48 g (‘Madara’) to 0.90 g (‘Zile’). In the study
of A. Kita (2002) on five varieties of potatoes
grown in Poland and analyzed shortly after
harvesting, the total reducing sugars content was
from 0.012 gt0 0.127 g 100 g!' of FW.

Significant differences were determined in
the content of reducing sugars, which can have
several explanations: in a potato tuber during its
formation monosaccharides are deposited as a result
of photosynthesis, and are further re-synthesized
in polysaccharide — starch (Pritchard, Adam, 1994,
Burton, van Es, Hartmans, 1992). The shorter the
days during potato growing, the more sugars are
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accumulated — passive re-synthesis of sugars into
starch occurs (Beukema, Van der Zaag, 1979).
V. Buono et al. have detected higher content of total
reducing sugars in potatoes of several varieties grown
in 2007 in the Southern Italy (Buono, Paradiso, Sero
et al., 2009). Three potato varieties were used in the
study, and the content of total reducing sugars was
within the range 0f 0.465 g to 1.041 g 100 g' of FW.
It was mentioned that potatoes having the highest
content of reducing sugars had the lowest content
of starch. The above described interconnections
allow drawing a conclusion that potatoes with a
high content of starch and low content of reducing
sugars are fully mature. It should be mentioned that
in potatoes total reducing sugars are mainly formed
by glucose and fructose (Haase, 2006), dominated
by glucose.

The researched glucose content in 100 g of DW,
before storage (in autumn), was within the range
of 0.21-2.60 g, but after storage — 1.44-3.49 g.
In autumn, glucose content in potatoes was lower
than in spring after storing, and its content on
average had increased 2.2 times (Table 2). The data
obtained by statistical analysis also show significant
differences in glucose content between the freshly
harvested potatoes and those which were stored
(p=0.002). The increase in glucose content in the
stored potatoes can be explained by splitting of
starch and sucrose into monomers during storage.

The glucose content in 100 g of FW of freshly
harvested potatoes varied from 0.052 g (‘Zile’) to
0.516 g (‘Brasla’), and after storage — from 0.373 g
(‘Madara’) to 0.808 g (‘Zile’). It is not possible to
compare our data with the results of E. Finotti’s et
al. research (the glucose content in nine varieties of
potatoes grown in Bologna area, Italy, was between
0.02 g and 0.34 g 100 g! of FW), because the
researchers give no sufficiently detailed information
on the studied potatoes — it is only mentioned that
the potatoes were stored at the temperature of 4 °C
(Finotti, Bertone, Vivanti, 20006).

Fructose content in 100 g of DW of potatoes
was within the range of 0.03 g (‘Zile’) to
0.68 g (‘Lenora’). In freshly harvested potatoes, the
fructose content on average was 0.23 g, and after
storage — 0.22 g (Table 3). Fructose is the second
prevailing reducing sugar in potatoes, and it can
be formed as a result of sucrose hydrolysis when
potatoes are stored at low temperature (Burton,
van Es, Hartmans, 1992). Significant differences
in fructose content were observed by harvest years
(p=0.006).
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Table 1
The content of reducing sugars in potatoes before and after storage, g 100 g’ of DW
. Before storage, After storage, The whole period,
Potato variety average+SD average+SD X X
Zile’ 0.85+0.85 3.29+0.85 0.25-3.89
‘Brasla’ 1.68+1.80 1.91£0.10 0.41-2.95
‘Madara’ 1.34+0.39 2.54+0.97 1.07-3.23
‘Lenora’ 2.76+0.72 3.21+0.79 2.25-3.77
‘Imanta’ 0.88+0.47 2.86+0.42 0.55-3.15
Total 1.50 2.76 0.25-3.89
Table 2
The content of glucose in potatoes before and after storage, g 100 g"' of DW
. Before storage, After storage, The whole period,
Potato variety
average+SD average+SD X X
Zile’ 0.78+0.80 2.99+0.70 0.21-3.49
‘Brasla’ 1.27+1.33 1.61+0.15 0.33-2.21
‘Madara’ 1.09+0.42 2.28+1.18 0.79-3.11
‘Lenora’ 2.3140.41 2.86+0.40 2.03-3.14
‘Imanta’ 0.71+£0.37 2.56+0.55 0.45-2.95
Total 1.23 2.74 0.21-3.49
Table 3

The content of fructose in potatoes before and after storage, g 100 g' of DW

Potato variety Before storage, After storage, The whole period,
average+SD average+SD X X
Zile’ 0.07+0.05 0.21+0.21 0.03-0.49
‘Brasla’ 0.27+0.26 0.24+0.24 0.08-0.53
‘Madara’ 0.22+0.00 0.15+0.15 0.11-0.32
‘Lenora’ 0.45+0.33 0.39+0.39 0.09-0.68
‘Imanta’ 0.14+0.14 0.12+0.12 0.04-0.39
Total 0.23 0.22 0.03-0.68

The content of reducing sugars in fried
potatoes depending on storage and type of
frying

It was determined that total reducing sugars
in 100 g of FW of fried potatoes depending on the
type of frying varied: in roasted potatoes — from
0.18+0.00 g (‘Zile’, autumn 2008) to 1.29+0.01 g of
FW (‘Lenora’, spring 2008, after storage); in shallow
fried potatoes — from 0.12+0.00 g (‘Zile’, autumn
2008) to 1.10+£0.01 g of FW (‘Lenora’, spring 2008);
and in deep-fat fried potatoes — from 0.14+0.00 g
(‘Brasla’, autumn 2008) to 1.32+0.00 g of FW (“Zile’,
autumn 2008).
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The total content of reducing sugars in 100 g of
DW was: in roasted potatoes — from 0.49 g (‘Zile’,
spring 2008, after storage) to 3.75 g (‘Zile’, autumn
2008, before storage); in shallow fried potatoes —
from 0.30 g (‘Zile’) to 3.95 g (‘Lenora’); and in
deep-fat fried potatoes — from 0.22 g (‘Brasla’) to
2.90 g (‘Zile’) (Table 4). In spring, after storing
the potatoes, the content of reducing sugars in
roasted potatoes was higher than in the potatoes
roasted in autumn.

Also after the statistical processing of data, the
obtained results indicated substantial differences
in reducing sugar content in the researched
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Table 4

The content of reducing sugars in fried potatoes, g 100 g' of DW

Type of . Before storage, After storage, Before and after storage,
Potato variety
treatment average+SD average+SD X =X
Zile’ 1.20+0.04 2.92+0.04 0.49-3.75
‘Brasla’ 1.59+40.03 2.04+0.01 0.58-2.61
Roasted ‘Madara’ 1.65+0.02 3.12+0.11 1.19-3.58
‘Lenora’ 3.28+0.02 3.43+0.04 2.91-3.71
‘Imanta’ 1.86+0.10 2.56+0.04 1.33-3.05
Total 1.92 2.81 0.49-3.75
Zile’ 0.85+0.06 2.49+0.13 0.30-3.07
Shall ‘Brasla’ 1.3140.04 1.62+0.08 0.41-2.21
i “Madara’ 1.30+0.03 1.53+0.06 0.86-2.20
‘Lenora’ 2.14+0.01 3.48+0.10 1.64-3.95
‘Imanta’ 0.95+0.03 2.08+0.10 0.43-2.20
Total 1.31 2.24 0.30-3.95
Zile’ 0.67+0.02 1.71£0.01 0.32-2.90
Deco.f: ‘Brasla’ 0.94+0.02 0.97+0.05 0.22-1.65
-fat
e ‘Madara’ 0.810.01 1.08+0.03 0.60-1.20
‘Lenora’ 1.47+0.02 2.22+0.07 1.44-2.38
‘Imanta’ 0.76+0.04 1.88+0.12 0.56-2.75
Total 0.93 1.57 0.22-2.90
Table 5
Significance level of the reducing sugar content in fried potatoes by type of cooking
Variety Zile’  ‘Brasla’ ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.052
Roasted Year Ist harvesting year 2nd harvesting year p=0.712
Period a* Before storage b* After storage p=0.025
. a a a b ab B
Variety ‘Zile’  ‘Brasla’ ‘Madara’ ‘Lenora”  ‘Imanta’ p=0.013
Shallow
fried Year Ist harvesting year 2nd harvesting year p=0.551
Period a Before storage b After storage p=0.027
Variety Zile’  ‘Brasla’ ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.094
Deep-fat . .
ﬁf:f a Year Ist harvesting year 2nd harvesting year p=0.074
Period a Before storage b After storage p=0.020

* — values, marked with the same letter, are not significantly different (p>o,

varieties  (p<0.001)
frying (p<0.001).
reducing
types of treatment
sugars content in
substantially from

and by the
Evaluating the
fried potatoes
(Table 5), the reducing
roasted potatoes differed
that of freshly harvested

types of
content of

sugars in by the
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0.05)'

and stored potatoes (p=0.025), in shallow fried
potatoes — also between freshly harvested and
stored potatoes (p=0.027) and among the researched
(p=0.013), and in deep-fat fried
potatoes — among freshly harvested and stored
potatoes (p=0.020).

varieties
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Table 6

The content of glucose in fried potatoes, g 100 g' of DW

Before and after

Type of . Before storage, After storage,
treatment Potato variety average+SD average+SD storafe,
Zile’ 1.094+0.03 2.4240.05 0.43-3.16
‘Brasla’ 1.34+0.18 1.49+0.02 0.49-2.19
Roasted ‘Madara’ 1.20+0.07 2.63+0.27 0.98-3.31
‘Lenora’ 2.83+0.05 2.81+0.15 2.55-3.10
‘Imanta’ 1.40+0.08 2.13+0.05 0.77-2.69
Total 1.57 2.29 0.43-3.31
Zile’ 0.68+0.03 2.18+0.07 0.26-2.65
‘Brasla’ 1.06+0.06 1.33+0.03 0.28-1.84
Sl;:‘ili‘;w ‘Madara’ 1.14£0.03 1.34:0.01 0.66-2.01
‘Lenora’ 1.81+0.05 2.85+0.13 1.53-3.02
‘Imanta’ 0.71+0.02 1.84+0.06 0.26-1.86
Total 1.08 1.91 0.26-3.02
Zile’ 0.53+0.02 1.37+0.06 0.29-2.35
‘Brasla’ 0.77+0.02 0.74+0.02 0.17-1.36
Deep-fat fried ‘Madara’ 0.63+0.02 0.850.03+ 0.52-0.89
‘Lenora’ 1.274+0.02 1.81£0.16 1.18-1.97
‘Imanta’ 0.5140.04 1.52+0.02 0.28-2.14
Total 0.74 1.26 0.17-2.35

During the frying process, with the increase of
environment temperature, different chemical changes
take place, and one of these changes is the Maillard
reaction (Dale, Mackay, 1994; Burton, van Es,
Hartmans, 1992).

It was determined that glucose content in
100 g of fried potatoes depending on the type of
frying varied: in roasted potatoes — from 0.16+0.01 g
(‘Zile’, autumn 2008) to 1.04+0.13 g (‘Madara’,
spring 2009); in shallow fried potatoes — from
0.11+0.01 g (“Zile’, autumn 2008) to 0.90+0.03 g
(‘Zile’, spring 2008); and in deep-fat fried potatoes —
from 0.11£0.00 g (‘Brasla’, autumn 2008) to
1.07£0.04 g (‘Zile’, spring 2008).

When glucose content was recalculated to 100 g
of dry weight, the average results of the two-year
study varied: in roasted potatoes — from 0.43 g
(‘Zile’) to 3.31 g (‘Madara’); in shallow fried
potatoes — from 0.26 g (‘Zile’ and ‘Madara’) to
3.02 g (‘Madara’); and in deep-fat fried potatoes —
from 0.17 g (‘Brasla’) to 2.35 g (‘Zile’) (Table 6).

Theresults obtained after analysis of the research
data indicated a significant difference in the content
of glucose (the same as in the content of total
reducing sugars) among the varieties used in the
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research (p=0.003), as well as among the types of
heat treatment (p<0.001). Evaluation of the content
of glucose by types of treatment (Table 7) showed
significant differences between shallow fried
potatoes — freshly harvested fried potatoes and
those fried in spring after storage (p=0.008).

Fructose is the second prevailing reducing sugar
in potatoes (Burton, van Es, Hartmans, 1992).
Fructose content in the researched fried potatoes in
100 g of product is the following: the lowest content
is observed in potatoes of variety ‘Zile’ fired by any
researched type of frying in autumn 2009. The lowest
fructose content in 100 g of the researched fried
potatoes was observed in potatoes of variety ‘Zile’
fried by any researched type of frying in autumn
of the year 2009. In roasted potatoes the
fructose content varied from 0.018+0.002 g to
0.213+0.047 g (‘Imanta’, spring 2008); in shallow
fried potatoes — from 0.016+0.001 g to 0.193+0.016 g
(‘Lenora’, spring 2008); and in deep-fat fried
potatoes — from 0.022+0.005 g to 0.259+0.013 g
(‘Zile’, spring 2008).

In the dry weight of roasted potatoes, fructose
content varied from 0.05 g (‘Zile”) to 0.63 g 100 g’
of DW (‘Madara’ and ‘Lenora’); in shallow
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Table 7
Significance level of the glucose content in fried potatoes by type of cooking

Variety Zile’ ‘Brasla’ ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.169

Roasted Year Ist harvesting year 2nd harvesting year p=0.784

Period Before storage After storage p=0.053

Variety Zile’ ‘Brasla’ ‘Madara’ ‘Lenora’ ‘Imanta’ p=0.090

Slglilizw Year 1st harvesting year 2nd harvesting year p=0.765

Period a* Before storage b* After storage p=0.008

Variety Zile’ ‘Brasla’ ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.327

D(;Zi:at Year Ist harvesting year 2nd harvesting year p=0.093

Period Before storage After storage p=0.064

* — values, marked with the same letter, are not significantly different (p>a, ).

Table 8

The content of fructose in fried potatoes, g 100 g’ of DW

Type of . Before storage, After storage, Before and after storage,

treatment Potato variety average+SD average+SD X =X

Zile’ 0.10£0.01 0.50+0.05 0.05-0.58

‘Brasla’ 0.21+0.03 0.49+0.02 0.08-0.55

Roasted ‘Madara’ 0.43+0.03 0.40+0.04 0.24-0.63

‘Lenora’ 0.49+0.04 0.54+0.04 0.36-0.63

‘Imanta’ 0.45£0.04 0.43£0.06 0.37-0.52

Total 0.34 0.47 0.05-0.63

Zile’ 0.15+0.02 0.31+0.04 0.04-0.42

‘Brasla’ 0.22+0.01 0.30+0.03 0.11-0.39

S};Zlizw ‘Madara’ 0.1540.03 0.23+0.02 0.11-0.24

‘Lenora’ 0.32+0.02 0.50+0.03 0.11-0.70

‘Imanta’ 0.23+0.03 0.30+0.04 0.17-0.34

Total 0.22 0.33 0.04-0.70

Zile’ 0.11+0.02 0.35+0.02 0.04-0.57

‘Brasla’ 0.17+0.01 0.21£0.03 0.05-0.36

D‘;fii 'cfat ‘Madara’ 0.18+0.02 0.22+0.02 0.09-0.27

‘Lenora’ 0.18+0.01 0.30+0.05 0.11-0.50

‘Imanta’ 0.24+0.03 0.33+0.01 0.15-0.51

Total 0.17 0.28 0.04-0.57
fried potatoes — from 0.04 g (‘Zile’) to 0.70 g The differences in fructose content in
100 g! of DW (‘Lenora’); and in deep-fat fried fried potatoes, comparing freshly harvested
potatoes similarly to shallow fried potatoes — from  fried  potatoes  with  those  fried  after
0.04 g (‘Zile’, before storage) to 0.57 g (‘Zile’, after  storage, were significant among the
storage) (Table 8). types of treatment (p=0.002): in roasted
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Table 9
Significance level of the fructose content in fried potatoes by type of cooking
Variety Zile’ ‘Brasla’  ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.413
Roasted Year a* 1st harvesting year b* 2nd harvesting year p=0.011
Period Before storage After storage p=0.080
Variety Zile’ ‘Brasla’  ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.166
?r}ilj(lilow Year a 1st harvesting year b 2nd harvesting year p=0.008
Period Before storage After storage p=0.086
Variety Zile’ ‘Brasla®  ‘Madara’ ‘Lenora’  ‘Imanta’ p=0.927
gieeeé)—fat Year a st harvesting year b 2nd harvesting year p=0.000
Period Before storage After storage p=0.156

* — values, marked with the same letter, are not significantly different (p>o,

0,05)'

18
15
12
*
g3 9
6
3
0
Before storage After storage Before storage After storage Before storage After storage
Roasted Shallow fried Deep-fat fried
[1 'Zile' B Brasla' B 'Madara' B 'Lenora’' B Tmanta’
Fig. 1. The total colour difference, A E*, in five fried potato varieties per type of heat treatment.
potatoes p=0.011, in shallow-fried  prediction. Darker colour of fried starch-based

potatoes — p=0.008, and in deep-fried potatoes —
p<0.001 (Table 9).

The colour of fried potatoes in the CIE L*a*b*
system

The is one of factors showing
intensity of the Maillard reaction (Mestdagh,
Wilde et al.,, 2008; GoOkmen, Akbudak et
al., 2007; Pedreschi, Moyano et al., 2005).
A. Serpen and V. Gokmen (2009) have established
moderate correlation (r=0.787) between total
colour difference and acrylamide content, which
allows using colour value for acrylamide content

colour
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products indicates a higher content of acrylamide.
The fried potatoes of the variety ‘Imanta’ (Fig. 1)
had a pronounced difference in total colour intensity
(AE*), which indicates the likelihood of a higher
content of acrylamide in this particular variety.
Total colour difference in potatoes of variety
‘Imanta’ was significantly different from other
potato varieties.

In shallow fried potatoes, the less pronounced
colour intensity difference was observed in potatoes
of variety ‘Lenora’, whereas in deep-fat fried
potatoes — in ‘Imanta’ potatoes, which indicates that
crust colour of these potatoes was darker compared
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Fig. 2. The correlation between glucose content of fresh potatoes and colour intensity
in shallow fried potatoes.

to potatoes of other varieties and that most intensive
colour was found in potatoes that were fried after
storage. A significant total colour difference was
found in potatoes which were roasted before and
after storage (p=0.034) whereas no significant
colour differences were found in shallow fried and
deep-fat fried potatoes.

In potatoes the main reducing sugar is glucose
therefore it mainly influences the intensity of the
colour of fried potatoes. In our research, a medium-
close linear correlation (r=-0.529) was found between
the glucose content of raw (uncooked) potatoes and
the colour parameter L* of shallow fried potatoes
(Fig. 2). The correlation coefficient indicates that the
colour parameter L* tends to decrease slightly (the
crust of the shallow fried potatoes tends to be darker)
in shallow fried potatoes if the initial glucose content
in uncooked potatoes is higher.

The statistical showed significant
AE* differences in the colour of fried potatoes
if frying freshly harvested or stored potatoes. It can
be explained by the increase of reducing sugars
content when potatoes are stored at low temperature
and afterwards fried, which gives darker colour due
to Maillard reaction.

analysis

Conclusions

The research demonstrated significant changes
in the content of reducing sugars (p=0.008), glucose
(p=0.002), fructose (p=0.006), and sucrose (p=0.007)
of potatoes after storage. Significant differences in
the total reducing sugar content were determined in
shallow fried potato variety ‘Lenora’ compared to
Zile’, ‘Brasla’, and ‘Madara’ potatoes.

The content of reducing sugars changed in the
frying process and differed by the type of treatment: in
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autumn it increased by 28% in roasted potatoes (prior
and after the storage p=0.025), decreased by 12.6%
in shallow fried potatoes (by variety p=0.013; prior
and after the storage p=0.027), and decreased by 38%
in deep-fat fried potatoes (before and after the storage
p=0.020); but in spring it increased by 2% in roasted
potatoes, decreased by 19% in shallow fried potatoes,
and decreased by 43% in deep-fat fried potatoes.

A medium close linear correlation was found
between glucose content of uncooked potatoes
and the colour parameter L* of shallow fried
potatoes (r=-0.529).
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Anotacija

Ceptu kartupelu krasu un garsu ietekmé Maijara reakcijas norise starp reducgjosiem cukuriem un aminoskabém.
Petijuma mérkis bija noteikt reducgjoso cukuru saturu un ietekmi uz krasas intensitati piecu Latvijas skirnu
kartupelos, kurus pagatavoja, izmantojot tradicionalos cepSanas veidus. P&tfjumam izmantoja ‘Lenora’,
‘Brasla’, ‘Imanta’, ‘Zile’ un ‘Madara’ Skirgu kartupelus, un to veica divos razas gados (2007. un 2008. gada)
pirms un p&c kartupelu uzglabasanas. Kartupelus uzglabaja sesus ménesus 5+1 °C temperattira ar relativo gaisa
mitrumu 80£5% un péc tam cepa cepeskrasni (210+5 °C), uz pannas (150+5 °C) un fritira (18045 °C). Svaigos
un ceptos kartupelos noteica kop&jo reducgjoso cukuru daudzumu, fruktozes un glikozes saturu, ka ari krasu
(L* a* b*). Reducgjoso cukuru saturs bija atSkirigs gan pa apstrades veidiem, gan arT pa Skirném. Glikozes
un fruktozes saturs augstaks bija uzglabatajos kartupelos. Augstakais glikozes saturs péc uzglabasanas bija
Skirnes ‘Zile’ kartupelos (0.808 g 100 g!), bet augstakais fruktozes saturs — $kirnes ‘Brasla’ kartupelos (0.143 g
100 g'). Krasas intensitate un reducgjoso cukuru saturs atkariba no uzglabasanas un termiskas apstrades veida
at8kiras pa kartupelu Skirném.
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Latvijas Skirnes zirgu izcelSanas parbaude péc
17 mikrosatelitu praimeriem
Parentage Determination by 17 Microsatellite Markers
of Latvian Warmblood Horse

Agnese Viluma, Daina Jonkus
LLU Agrobiotehnologijas instittts
Institute of Agrobiotechnology, LLU
e-mail: Daina.Jonkus@]Ilu.lv

Abstract. The aim of the research was to determine whether the genetic resource — foal of Latvian warmblood
horse — is the true descendant of alleged parents by using 17 microsatellite primers’ method, and to consider
if this method is appropriate for routine parentage testing and identification in genetic resources of Latvian
warmblood horse. DNA was extracted from collected blood samples and amplified by PCR method. Horses’
genotypes in 17 microsatellite loci (VHL20, HTG4, AHT4, HMS7, HTG6, HMS6, HTG7, HMS3, AHTS,
ASB2, HTG10, HMS2, ASB23, ASB17, LEX3, HMSI, and CA425) were determined by analyzing the
received electropherogram data with PeakScannerv.1.0 software. The diversity range of alleles was calculated
as 7 alleles per locus. The diversity of alleles in these 17 loci varied from 5 alleles (HTG4, HTG7) to
11 alleles (ASB17). Exclusion probabilities calculated as 97.2%, 99.8% and 94.5%, depending on parentage
testing case, confirmed the usefulness of this method for routine parentage testing and identification of

Latvian warmblood horse.

Key words: genetic resource horse, parentage testing, microsatellites.

Ievads

Sobrid viena no aktualakajam tendencém pasaulé
ir dabas biologiskdas daudzveidibas saglabasana.
Turklat tas tiek attiecinats ne tikai uz savvalas
dzivnieku sugam, bet arT uz lauksaimniecibas
dzivniekiem ka daudzpusigas genétiskas informacijas
nesgjiem. Tapeéc FAO (Partikas un lauksaimniecibas
organizacija) ir izstradajusi atbalsta programmas,
kas paredz pec iesp&jas dazadaku vietgjo populaciju
saglabasanu (Protecting animal ..., 2009).

Latvijas  zirgkopibas Latvijas
zirgu Skirmne — ir dala no pasaules genétiskas
daudzveidibas un lidz ar to ir Tpasi saglabajama.
Janem véra, ka svariga ir $kirnes piemé&rotiba misu
klimata apstakliem, universalais tips, daudzpusigas
izmantoSanas iesp€jas, izturiba, labdabiba, sp&ciga
kaulu uzbiive, labas baribas izmantoSanas spgjas,
augliba un ilgmiiziba (Latvijas Skirnes ..., 2004).

Lai nodrosinatu nekliidigu un talredzigu selekcijas
procesu, ta kontrolei daudzas pasaules valstis tick
lictotas genétiskas metodes, ar kuru palidzibu nosaka
un registré katra ciltsgramata ieklauta dzivnieka

lepnums  —
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genotipu, kas savukart palidz identificét dzivniekus
un noteikt paternitati, lai novérstu cilvéku iesp&jamas
kltidas un launpratigu ricibu.

Lai arT Latvija Sobrid zirgu identitati un paternitati
ar genétiskajam metodém nenosaka, pasaulg tas ir
pazistamas jau kops pagajusa gadsimta beigadm. Jaunas
tehnologijas miisdienas sniedz iesp&ju izmantot DNS
mikrosatelitu priekSrocibas genétisko testu veik$ana,
kas Sobrid ir viena no perspektivakajam un vieglak
standartiz€jamam metodeém.

DNS mikrosatelitus veido loti Tsu sekvencu
(Iidz 13 bazu paru) tandémi (viens otram sekojosi)
atkartojumi (Watson, Baker et al., 2008).

DNS mikrosateliti pieder kodominantajai DNS
markieru klasei un iedzimst pec Mendela likumiem.
Tie ir vienmeérigi izplatiti pa visu eikariotu Snu
kodola genomu un ir izteikti polimorfi. Mikrosatelitu
iedzim$8anas mehanisms, nododot tos no vienas
paaudzes nakamajai, ir loti vienkarSs un stabils, un
to neietekm@ neviens cits faktors ka tikai iedzimtiba.
Katram mikrosatelitu lokusam ir raksturigas dazadas
aleles (lokusa DNS sekvences alternativas formas).
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Kumels vienu aléli manto no t€va un otru no mates.
Niecigo izmeru dél mikrosatelitiir viegliamplificgjami
ar PCR (polimerazes k&des reakcija) metodém un Iidz
ar to ir viegli izmantojami un precizi paligi genétiskas
informacijas noteikSanas un analiz€Sanas procesa
(Georgescu, Vatasescu et al., 2007).

Ipasi zirgkopibai pieméroti mikrosateliti pirmo
reizi aprakstiti 1992.-1994. gada. Petijumus veica
divas pétnieku grupas: viena — zinatnieka Ellegrena
vadiba (1992. g.), otra — zinatnieka Marklunda vadiba
(1994. g.). Siem zinatniekiem pirmajiem izdevas izolét
dinukleotidu (CA)n atkartojumu kopumu un pieradit,
ka ar1 zirgiem ir raksturigs izteikts mikrosatelitu
polimorfisms (Seyedaabadi, Amirina et al., 2006).

Misu pétijuma meérkis: noskaidrot mikrosatelitu
praimeru metodes piemérotibu genétisko resursu
programma icklauto Latvijas Skirnes zirgu paternitates
un identitates noteikSanai.

Materials un metodes

Latvijas Skirnes genétisko resursu zirgu gimenu
(berns — tevs — mate) asins paraugus ievaca specialos,
EDTA (etilendiamina tetra acetata) buferSkidumu
saturoSos vakutaineros. Kopa pétijuma bija iesaistiti

A gadijuma:

izmantotas 4 praimeru fluoriscentas iezimes — 6-FAM
(zila), VIC (zala), NED (dzeltena) un PET (sarkana).
Papildus izmantoja LIZ (oranza) iezimi izméru
standarta noteiksanai.

AmplificEtos mikrosatelitus nosiitija uz Latvijas
Valsts mezzinatnes institita ,,Silava” laboratoriju
Sapemtos datus analiz€ja ar
programmu ,,PeakScanner v1.0”. Pe&c ieglitajam
elektroferogrammam noteica pétamo zirgu genotipus
un alélu daudzveidibu.

Paternitates noteikSanas metodes lietderibas
pamata ir varbitiba, ar kuru iespgams izsleégt
nepatieso radinieku, izmantojot konkrto metodi.
Galvenokart nakas saskarties ar trTs gadtjjumiem:

A) zinami abu vecaku genotipi un jaizslédz viens
no vecakiem;

B) zinami abu vecaku genotipi un jaizslédz abi
vecaki;

C) zinams viena vecaka un p&cnacgja genotips un
jaizsledz to radnieciba.

Izslégsanas varbiitiburekinaja, balstoties uz lokusu
individualajam un kopg€jam alélu frekvencém péc
ISAG (Starptautiska dzivnieku genétikas komiteja)
rekomendétajam formulam (Jamieson, 1997):

sekvenésanai.

P=1-2Yp + 30 23 330 -2 P} 330 S0
i=1 i=1 i=1 i=1 i=1 i=1 i=1

B gadijuma:

P=1443 p =43 p =33 p =8 p/ ) +8 p 1 Y p )+ 203 b))’
i=1 i=1 i=1 i=1 i=1 i=1 i=1

C gadijuma:

P=1-43 p+20> p/) +43 p) 33 p/’
i=1 i=1 i=1 i=1

26 zirgi, randomi izveéléti no dzivnieku novietném
Latvijas teritorija. DNS izdaliSanu veica LLU
Lauksaimniecibas fakultates Molekularas genétikas
petijumu laboratorija, izmantojot firmas ,,Fermentas”
(Lietuva) komercialo reagentu komplektu péc razotaja
noradfjumiem.

AmplificéSanai izmantoja ,,StockMarks® Applied
Biosystems” komercialo reagentu komplektu ar
17 mikrosatelitu luminiscentajiem praimeriem. Sis
komplekts papildus tradicionalajiem 12 lokusiem
(VHL20, HTG4, AHT4, HMS7, HTG6, HMS6,
HTG7, HMS3, AHTS, ASB2, HTG10, HMS2) satur
5 papildu lokusus — ASB 17, LEX3, HMS1, CA425
un ASB23. Katram lokusam ir paredz@ts praimeru
paris, kur viens no praimeriem ieziméts ar
fluoriscgjosu krasvielu. Reagentu komplekta tika

32

kur

p,— alelu frekvence.

Savukart alélu frekvences katram lokusam

aprékinaja péc formulas:

n;
pi= W s
kur
n.— konkrétas al€les atkartojumu skaits;

N — kopgjais alelu skaits lokusa.

Aprekinu rezultata ieguva skaitli (parasti izteikts
procentos), kas rada, kada ir nepatiesa vecaka
iespgjama izslégsanas varbiitiba, izmantojot So metodi.
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Rezultati un diskusija

Rezultatu analize veikta, balstoties uz iegiitajiem
elektroferogrammu  datiem (1. att.). Visus
17 mikrosatelitu lokusus sagrup&ja Cetras grupas
atbilstosi praimeru krasvielam: 1. grupa — zilas
krasas lokusi, 2. grupa — =zalas krasas lokusi,
3. grupa—dzeltenas krasas lokusi, 4. grupa—sarkanas
krasas lokusi. Uz vertikalas ass var nolasit katras
aléles fluoriscenta signala spécigumu, ko izsaka
relativas fluoriscences vienibas, bet uz horizontalas
ass nolasami al€lu lielumi bazu paros (bp)
(Horse, cattle ..., 2007).

Analizgto genétisko resursu programma ieklauto
zirgu genotipos vidgja alelu daudzveidiba bija

7 alelu veidi lokusa. Mikrosatelitu mainiba Latvijas
Skirnes zirgu pétamaja grupa variéja no 5 dazadiem
mikrosatelitiem HTG4 un HTG7 lokusa Iidz
11 dazadiem mikrosatelitiem ASB17 lokusa.
No iegiitajiem datiem secinajam, ka piem&rotakie
lokusi  paternitates  noteikSanai péc  alglu
daudzveidibas kritérija varétu biit ASB2, HTGI10,
HMS3, ASB17, LEX3 un CA425 (alélu skaits
lielaks par vidgjo vertibu). Butisks kritérijs ir
arT al¢lu atkartoSanas biezums katra lokusa — jo
vienmérigaks tas ir, jo piemérotaks $ads lokuss ir
paternitates noteikSanai. P&c §T faktora piemé&rotakie
lokusi bija HTG10, HMS2 un LEX3. Daziem
lokusiem ar augstu polimorfisma pakapi (HTGO,

1. tabula / Table 1

Alélu variantu daudzveidibas salidzinajums dazadam zirgu skirném
Comparison of the diversity of alleles of different horse breeds

, Koreja /

Thoroughbred horse, Korea

Lokuss /
Locus

Lietuvas smagais braucamzirgs /
rasinu jajamzirgs

Latvian warmblood horse
Smaga tipa Zemaitukai /
Lithuanian heavy draught

Latvijas zirgu skirne /
Heavy type Zemaitukai

Zemaitukai /
Zemaitukai

Tt

v

Hucul, Slovak Republic

Malopolski, Polija /
Malopolski, Poland
Bilgorai, Polija /
Bilgoraj, Poland
Hucul, Slovakija /
Lusitano, Portugale /
Lusitano, Portugal
Sorraia, Portugale /
Sorraia, Portugal
Garrano, Portugale /
Garrano, Portugal

VHL20

—_
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W
—_
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N | ||
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Vidgji /

18
Average !

6.29

6.50 592 6.75 883 350 8.17
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HMS3, CA425) petjjuma noveroja raksturigu
negativu iezimi — parsvara domingja divi al€lu veidi ar
biezu atkartosanos, bet pargjas aléles bija sastopamas
tikai retos gadijumos. lespgjams, ka pétamas grupas
paplasinasanas gadijuma situacija varétu mainities.
Ta ka sada veida pétijums Latvijas Skirnes
zirgiem tika veikts pirmo reizi, labakais veids,
ka izvertet al€lu daudzveidibas raditajus, bija

iegiito rezultatu salidzinaSana ar citu zirgu
Skirnu raditajiem (1. tabula). SalidzinaSanai
izmantojam literatira pieejamos datus, kas

raksturo tris Lietuvas zirgu Skirnes — ZemaiSus,
smaga tipa ZemaiSus un Lietuvas braucamzirgus

(Juras, Cothran, 2004), ka ar1 Korejas
Tirasinu jajamzirgus (Lee, Cho, 2006), Polijas
Malopolski ~ un  Bilgoraj  zirgus  (Zabek,

Nogaj et al., 2005), Slovakijas Hucul zirgus
(Trandzik, Zidek et al., 2007) un Portugales
Lusitano, Sorraia un Garrano zirgus (Luis, Cothran,
Oom, 2002).

Salidzinot ar Lietuvas, Korejas Tirasinu
jajamzirgu un Polijas un Slovakijas zirgu skirném,
Latvijas skirnes zirgu petamajai grupai bijaraksturiga
lielaka al€lu vidgja daudzveidiba. Portugales zirgu
Skirném Lusitano un Garrano vidgjais alélu skaits
bija lielaks, ko, iesp&jams, varétu skaidrot ar to, ka
Portugal@ veiktaja petijuma mérktiecigi tika izveleti
6 lokusi, kuri §Tm Skirn@m sastopami ar visaugstako
polimorfisma pakapi.

Tapat ka Latvijas skirnes zirgu p&tamajai grupai,
arT pargjo skirpu populacijam lokusam ASB17 bija
visaugstaka daudzveidiba. P&c literatiras datiem
Hucul, Lusitano un Garano skirn€m arT zilas krasas
lokusam VHL20 bija augsta polimorfisma pakape
(9-10 alles), tacu Latvijas Skirnes zirgu p&tamajai
grupai $adu tendenci nenovérojam.

Aprekinot nepatiesa radinieka izslégSanas
varbitibu, noskaidrojam, ka visaugstaka
izslégsanas varbiitiba bija abu vecaku izslégSanas
gadijuma — 99.8%. Ar izslégSanas raditajiem

2. tabula / Table 2

Paternitates noteik§anas piemérs
Example of parentage determination

Lokuss / Mate / Mother Kumels / Foal Tevs 1/ Father I Tevs 11/ Father 11
Locus lalele/ Ilalele/ Talele/ Ilaléle/ Taléle/ IT aléle / Tlalele/ Il aléle/
Allelel  AlleleIl  AlleleT  AlleleIT  Allele I Allele 1T AlleleI  Allele IT
VHL20 I* 0] I N H N* M M
HTG4 L M* M M K M* M* M
AHT4 J K* | K I* 1 H (0]
HMS7 L* 0] L N N* N J L
HTG6 J pP* P P 0] pP* O pP*
AHTS5 1 o* (0} (0] L O* K K
HMS6 L p* P P p* Q N pP*
ASB23 K* L K K K* S L S
ASB2 M* 0] M N N* P M Q
HTG10 1 L* K L H K* L o
HTG7 M* o M o O* O N o*
HMS3 P p* P P P* S P* P
HMS2 L M* L M L* L L* R
ASB17 M M* M R R* R M M
LEX3 H K* I K I* H F M
HMSI1 J J* I J I* M K M
CA425 N o* J o J* O N N
Slédziens / Conclusion POZi,ﬁ,VS / NegatTYs /
Positive Negative

* Vecaku al@les, kas atbilst kumela genotipa eso$ajam alélem. / Alleles of parents, which correspond to alleles in the

foal’s genotype.
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apstiprinajas pienémums, ka precizaka viena vecaka
izslégSana iesp&jama tada gadijuma, ja zinami abu
vecaku genotipi (97.2%). Tacu arT viena vecaka
izslégSana, nezinot otra vecaka genotipu, bija ar
pietickami augstu varbiitibu (94.5%), lai varétu
izdartt korektu slédzienu.

Vislabakie izslégSanas varbitibas raditaji bija
zalas grupas lokusam ASB2 (65.1%), dzeltenas
grupas lokusiem HTG10 (64.8%) un HMS2 (61.5%)
un sarkanas grupas lokusiem ASB17 (67.6%) un
LEX3 (67.4%). Savukart vissliktakie izslég$anas
varbutibas raditaji $aja petijuma bija zilas grupas
lokusiem VHL20, HTG4, AHT4 un HMS7
(43.0-56.8%).

Katram lokusam ir individuali starptautiski
noteikti alélu alfabétiskie nosaukumi (Haeringen,
Goor et al., 1998), kas vienkarSo alélu noteikSanu
un lauj veikt dazadu $kirpu savstarp&ju genétiskas
daudzveidibas salidzinaSanu. No lokusa noteiktas
vidus al€les M, kas ir individuala katram lokusam,
uz abam pusém alfabétiska seciba tiek nosauktas
paréjas aléles ar 2 bp soli (Trandzik, Zidek et al.,
2007). Pamatojoties uz Siem alélu nosaukumiem,
tieck veidoti cilvékiem saprotami zirgu genotipu
raksturojumi. Ar §ada veida analiz&€m zirgu audzetaju
asociacijas varétu veiksmigi zirgu
audz@taju sniegtas informacijas patiesumu. Savukart
audz@étajiem ta palidzEtu atrisinat gadijumus, kad
kéve tikusi lecinata ar vairakiem vaislinickiem un
nav 100% dro8as informacijas par kumela isto tévu.
Turklat katra zirga unikalais genotips var kalpot
par identitati apstiprinosu faktoru (papildus jau
ierastajam zirga pazimém) un biitu ievietojams zirga
pasé. Metodes pielietojuma detalizétakai izpratnei
2. tabula apskatits gadijums, kura janosaka, kur§
no diviem iesp&jamiem t€viem ir kumela Tstais
biologiskais tévs. Pirma wvaislinieka (tabula —
Tevs 1) un kumela genotipa atrodamas identiskas
aleles visos 17 lokusos, tatad Sis vaislinieks ir
kumela tévs. Savukart otra vaislinicka (tabula — Tévs
II) genotipa atrodamas tikai 6 kumelam raksturigas
al€les, Iidz ar to §1 vaislinieka iesp&jama paternitate
ir pilniba izslégta.

Lai ekonométu finansialos

kontrolét

lidzeklus, darbu
un laiku, nav nepiecieSams visiem zirgiem veikt
genotip&sanu tiesi péc 17 mikrosatelitu lokusiem.
Pieméram, Francijas jajamzirgu vaislinieka genotipa
karté ir ieklauta gené&tiska informacija, kas sastav no
12 mikrosatelitu lokusiem (Labogena, 2004), bet
Portugales zirgu skirnu (Sorraia, Gorrano, Lusitano)
genétiskai raksturos$anai izveleti 6 lokusi ar augstako
polimorfisma pakapi (Luis, Cothran, Oom, 2002).
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Attiecigi ar1 Latvijas zirgu Skirnei butu javeic
pétfjumi ar lielaku paraugkopu un janoskaidro Sai
populacijai vispiemérotakie lokusi paternitates un
identitates noteikSanai.

Secinajumi

Péc iegiitajiem elektroferogrammu datiem ir
iesp&jams apstiprinat vai izslégt gan paternitates, gan
maternitates gadjjumus.

Piemérotakie lokusi paternitates noteikSanai p&c
ale]u daudzveidibas kritérija Latvijas zirgu skirng bija
ASB2, HTG10, HMS3, ASB17, LEX3 un CA425.

Gadijumos, kad izslégSanas procesa nebija
zinams otra vecaka genotips, izslégSanas varbiitiba
samazinajas par 2.7%.

Aprekinatas izslégsanas varbitibas (94.5-99.8%)
apstiprindja §Ts metodes lietderibu Latvijas zirgu
Skirnes paternitates un identitates noteikSanai.
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Slaucamo govju visparéjas veselibas vertéjums pécdzemdibu perioda
saistiba ar reproduktivas sistemas mikrofloru
Evaluation of the General Health of Dairy Cows in
Post-parturition Period with Relevance to Microflora of the
Cow’s Reproductive System

Ilga Sematovica, Aleksandrs Jemeljanovs
LLU Biotehnologijas un veterinarmedicinas zinatniskais institats ,,Sigra”
Research Institute of Biotechnology and Veterinary Medicine “Sigra”, LLU
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Mara Pilmane
Rigas Stradina universitates Anatomijas un Antropologijas institiits
Institute of Anatomy and Anthropology, Riga Stradins University
e-mail: pilmane@latnet.lv

Abstract. Hematological and biochemical analyses of blood as well as bacteriological investigations of uterine
lumen and milk were performed for 38 dairy cows in the first and fourth week after parturition. Clinical
examination demonstrated that general health of all cows was satisfactory, but laboratory analysis showed
serious deviance from the norm. Cows with pathological performance of uterine involution had higher body
temperature and total white blood cell count than the cows with physiological performance of uterine involution
(p<0.05). In all investigated cows, the content of total protein, albumin, Ca, P and Mg in blood serum was lower
than the norm (p<0.01), but the level of LDH was elevated (p<0.01). Bacteriological contamination of uterus
was observed in 44.4% of cows in the first week after parturition, but in the fourth week — in 31.4% of cows.
No microflora in the cow’s milk was detected in 11.1% of cows in the first week after parturition, but in the
fourth week —in 31.5% of cows. A positive correlation was found among anaerobic microflora of uterine lumen
and milk (r=0.31, p<0.05). Microbiological examination showed no significant differences among cows with
physiological and pathological uterine involution. The research suggests that biochemical analysis of blood can
be used to evaluate cow’s metabolic processes and provision of nutrients but not as a prognostic parameter for
post-parturition pathologies. Deficiency of Ca, P, Mg and protein seems to be one of reasons why the cow’s
organism is not capable of eliminating microbial contamination from the reproductive system in the post-
parturition period.

Key words: microflora, post-parturition, endometritis, cows.

Ievads

Sakara ar piena razoSanas intensifikaciju daudzas
modernas saimniecibas tiek mainiti lidz §im ierastie
govju turéSanas un pamatprincipi.
Slaucamas govis tiek turtas nepiesietas un netiek
laistas ganibas, tas atrodas novietné neatkarigi no
gadalaika un tick mehanizgti barotas ar smalcinatiem
baribas lidzeklu maisijumiem, tadg] ir griiti savlaicigi
pamanit izmainas katras konkrétas govs veseliba un
uzvediba. Lidz ar to arvien aktualaks kliist jautajums
par labvéliga pecdzemdibu perioda norisi slaucamam
govim, kas ir izskiross faktors optimalas reproduktivas

€dinasanas
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sistémas veselibas, ka arT maksimalas slaucamo govju
produktivitates nodroSinasana nakamajas laktacijas.
Lidz $im pécdzemdibu perioda gaitas vertesana
par krit€rijiem lietoti tadi parametri ka dzemdes
involiicijas laiks (Dzenite, Jonins, 1989), olnicu
cikliskas darbibas atsakSanas (Kask, Gustafsson et
al., 1999; Sheldon, Noakes et al., 2002), dzemdes
kakla pilnigas aizverSanas laiks (Dzenite, Jonins,
1989; Skuja, Antane, 2008) un endometrija epitélija
§tnu pilniga regeneracija (EmenbsHoBa, 1974), ka
arl pétits dzimumhormonu un to metabolitu limenis
asinis pécdzemdibu perioda (Dohmen, Joop et al.,
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2000; Kornmatitsuk, 2002). Liela nozime sekmiga
p€cdzemdibu perioda noris€ ir dzimumsist€mas
mikrobialas kontaminacijas novérSanai,
organisma imiinsistémas sp&jai radusos kontaminaciju
eliminét jeb iznicinat (Kask, Gustafsson et al., 1999;
Herath, Lilly et al., 2009).

Daudzi govim pécatneSanas perioda
noveérojusi intensivu endometrija infiltraciju ar
iekaisuma $Ginam un ievérojamu mikroorganismu
spektra klatbiitni dzemdes dobuma. Plasi sastopama
ir anaeroba (Bacteroides spp., Actinomyces pyogenes
un Fusobacterium necrophorum) un fakultativi
anaeroba mikroflora (Streptococcus spp., Escherichia
coli, Staphylococcus spp. un Proteus vulgaris)
(Bekana, 1996; Kask, Kindahl, Gustafsson, 1998;
Kask, Gustafsson et al., 1999). Dzemdes dobuma
pEcatnesanas perioda biezi tick konstatétas dazadu
mikroorganismu asociacijas: Staphylococcus
aureus, Escherichia coli, Microccus spp. un Hafnia
alvei, vai ar1 Staphylococcus spp., Bacillus spp.,
Proteus vulgaris (Javed, Khan, 1991; Skuja, Antane,
2008), Actinomyces pyogenes, Bacteroides spp. un
Fusobacterium necrophorum (Bekana, 1996).

Dazi autori secindjusi, ka veselas govs organisms
ir spgjigs cinities ar dzemdibu procesa raduSos
dzimumcelu mikrobialo kontaminaciju, kas vidg&ji
var ilgt Cetras ned€las pec atneSanas (Heuwieser,
2007). Ir arT autori, kas pilnigu mikrobu eliminaciju
no govs dzemdes dobuma konstatSjusi divu Iidz
tris (Bondurant, 1999) vai pat seSu nedélu laika
(Kask, Gustafsson et al., 1999) péc dzemdibam.
Tas ir iemesls, kade] slaucamo govju asinis p&c
atnesSanas tiek novérota neitrofilija, limfop&nija un
monocitoze (Kornmatitsuk, 2002; Meglia, 2004;
Kim, Na, Yang, 2005), turklat to govju asinis, kuram
attistas endometrits, polimorfonuklearo leikocitu
daudzums un aktivitate pirmajas piecas dienas
pec atnesanas ir lielaka neka veselajam govim
(Kask, Gustafsson et al., 1999; Hammon, Evjen
et al,, 2006). Savukart tam govim, kuram Ccetras
nedélas péc dzemdibam konstatéts endometrits,
leikocitu aktivitate ir mazaka un ari to fagocitara
funkcija ir samazinata (Chassagne, Barnouin,
Chacornac, 1998; Kim, Na, Yang, 2005), kas liecina
par iminsist€mas nozimi saisttba ar endometritu
gadijumiem p&cdzemdibu perioda.

Optimali slaucamo govju vielmainas procesi ir
svarigi, lai pécdzemdibu perioda nerastos endometrits
(Kim, Kang, 2003), tade] daudzi pétijumi veltiti
asins biokimisko raditagju dinamikai fiziologiska
pecdzemdibu perioda gaita un pécdzemdibu perioda
patologiju (piena tricka, piespiedu guléSana,

ka arl

autori
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aknu taukaind degeneracija) gadijumos (Antane,

Bérzina u.c., 2000; Liepa, Krimina, 2004; Meglia,

2004). Noverots, ka klmiski veselam govim ar

sabalans¢tu baribas devu tris dienas pirms atne$anas

asins biokTmiskie raditaji izmainas nebdtiski un ari

Ca un P daudzums ap atneSanas laiku pazeminas

nebitiski (Antane, Beérzina wu.c., 2000). Citos

petijumos konstatets, ka subkliniska hipokalcEmija
pEcatnesanas laika ir cieSi saistita ar endometritu
gadjjumiem un mikrofloras intensivu klatbutni
dzemdé (Mateus, Costa, 2002). Savukart ASAT
daudzuma palielinaSanos asinils  pé&catnesanas
laika dazi autori saista ar intensivu vielmainas

procesu aktivitati aknas (Antane, Be@rzina u.c.,

2000), bet citi — ar endometrita iesp&jamibu (Sattler,

Firll, 2004).

Pétijuma mérkis bija novertét govju vispargjas
veselibas stavokli saistiba ar asins morfologisko
un atsevisku biokimisko raditaju dinamiku pirmaja
un ceturtaja nedéla péc atneSanas to saistibu ar
dzimumsistémas mikrobialo kontaminaciju un
iesp&jamo endometrita etiologiju Saja laika.

Uzdevumi mérka sasniegSanai:

— slaucamo govju visparéjas veselibas statusa
un reproduktivas sist€mas veselibas vertgjums
pecdzemdibu perioda, govis izmeklgjot klniski;

— asins morfologisko un biokimisko parametru
izveértésana govim ar fiziologisku un patologisku
dzemdes involiicijas gaitu;

— dzemdes dobuma satura un piena paraugu
mikrobiologiska izmekl€Sana pirmaja nedéla
pec dzemdibam, lai novertetu dzimumsisteémas
kontaminacijas pakapi, ka ari ceturtaja nedgla,
lai novertétu govju organisma sp&ju iznicinat
mikrofloru.

Materials un metodes

Pétijuma izmantotas Macibu un pétijumu
saimniecibas (MPS) ,,Vecauce” 38
govis 2009. gada vasaras perioda. Saimnieciba
govis tiek grup@tas un barotas diferencéti atkariba
no produktivitates un laktacijas perioda. Govju
atneSanas notiek Tpasos atnesanas boksos dzemdibu
korpusa, kur tas tiek turStas piesietas arT jaunpiena
producésanas laika. Vélak govis parvieto uz brivas
jeb nepiesietas turéSanas sist€émas novietni, kur tas
atrodas neatkarigi no gadalaika un netiek laistas ne
ganibas, ne pastaigds. Govis baro ar smalcinatiem,
miks€tiem baribas lidzekliem un to maisijumiem.
Spekbaribu, ka arT vitaminu un mineralvielu
piedevas govis sanem individuali, kopa ar spekbaribu
slaukSanas laika.

slaucamas
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Izmeklgjumi tika veikti pirmaja un ceturtaja
nedéla pec atneSanas. Pirmaja ned€la izmeklgjumi
veikti, lai novertetu petfjuma ieklauto govju vispargjo
un dzimumsistémas veselibu, asins morfologiskos un
biokimiskos parametrus, dzemdes dobuma satura un
piena mikrobiologisko statusu. Ceturtaja ned€la veikti
atkartoti izmekl&jumi, lai analiz€tu min&to parametru
dinamiku.

Darba  gaita govis sagrupgja:  pirmaja
nedgla — govis ar fiziologiskiem un ar patologiskiem
pecdzemdibu izdalijumiem, ceturtaja nedéla — govis
bez izdalfjumiem no dzimumceliem un ar endometritu
slimas govis.

Govju klmiska izmeklesana tika veikta péc
visparpienemtas kltniskas shémas.
Govis izmeklgja rektali, lai novertetu dzimumsist€mas
veselibas stavokli un kontrolétu dzemdes involiicijas
norisi.

Asins paraugi tika nemti no govju astes
venas sterilos vienreizgjas lietoSanas 3.0 ml un
4.5 ml vakutaineros “Becton Dickinson Vacutainer
systems” un “PrecisionGlide™”. Tika veikti asins
morfologiskie (leikocitu un eritrocitu  skaits,
hemoglobina daudzums, hematokrits) un biokimiskie
(Ca, P un Mg daudzums — lai novértetu So
makroelementu mainu lidz ar laktacijas uzsaksanos)
izmekl&jumi. Lai novertétu organisma nodrosinajumu
ar olbaltumvielam, ka arT nieru funkcijas, tika
noteikts urinvielas un kreatinina Iimenis, amilazes
koncentracija un holesterina, trigliceridu, kopgja
proteina, albuminu un globulinu daudzums asins
seruma. Savukart alantTnaminotransferazes (ALAT),
aspartataminotransferazes ~ (ASAT),  sarmainas
fosfatazes (AP) un laktatdehidrogenazes (LDH)
daudzums asins seruma tika noteikts aknu funkciju
novértésanai. Sie parametri tika analizéti kopuma,
jo dazi no tiem raksturo dazadus procesus un audus
organisma.

Izmeklgjumi veikti sertificétas
(sertif. Nr. L 9/5-C, Iidz 18.05.2010.)
SIA ,,Centrala laboratorija” (reg. Nr. 215/L 430-C)
laboratorijas,  kur  analizu  izpilde  atbilst
LVS EN ISO 15189:2007 standarta prasibam.
Mikrobiologiskie izmekléjumi dzemdes dobuma
satura un piena paraugiem tika veikti LLU
Biotehnologijas un veterinarmedicinas zinatniska

izmekléSanas

institita ,,Sigra” mikrobiologijas  laboratorijas
(LATAK reg. Nr. LATAK-T-038-06-99-A) péc
visparpienemtam  akreditétam  standartmetodém:

LVS ISO 7218:1996 un LVS NE ISO 6887-1:1999,
ka ari LVS NE ISO 4833:2003 L. Sakotngji tika
iegiitas mikroorganismu polikultiras, no kuram
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izolgja tirkultiras. Mikrobiologiskai izmekléSanai
paraugus no govju dzemdes dobuma satura péma
ar vienreizgjas lietoSanas instrumentu komplektiem
“EquiVet” (“Kruuse”, Danija). Piena paraugi tika
nemti sterilos 50.0 ml konteineros péc slauk$anas,
pienu izslaucot no visiem tesmens ceturk$piem; p&c
ievietoSanas aukstuma konteinera piena paraugus
nekavgjoties nogadaja laboratorija.

Datu statistiska apstrade veikta, izmantojot SPSS
un Excel programmu paketes (Arhipova, Balipa,
2003).

Piclaujamas fiziologiskas asins biokimisko
un morfologisko raditaju vértibas pamatojas uz
publicétiem datiem (Meyer, Harvey, 2004).

Rezultati

P&tfjuma izmantoto govju vidgjais izslaukums
péc parraudzibas datiem bija 27.4+5.23 kg diena
(tauku saturs — 4.1+0.65%, laktoze — 4.8+0.23%,
olbaltumvielas — 3.2+0.30%, somatiskas Stnas —
238.9+709.11 takstosi mililitra). Govju kliniska
izmekléSana kopuma liecindja par apmierinosu
vispargjo veselibas stavokli: govis stavgja, apéda
piedavato baribas devu, dzivi reag€ja uz apkartgjo
vidi. Bet pirmaja nedéla péc dzemdibam, salidzinot
kermenpa temperatiru govim (38.8+0.43 °C) ar
fiziologiskiem  p&cdzemdibu
govim (39.4+0.40 °C), kuram pecdzemdibu
izdalfjumi bija ar nepattkamu smaku un netiri
sarkana krasa, varga verot statistiski nozimigu
at8kiribu — govim ar patologiskiem izdaljjumiem ta
bija augstaka. So govju dzemdes audos bija sacies
ickaisuma process.

Lidzigs noveérojums bija arT ceturtaja ned€la
péc dzemdibam. Govim bez izdalijumiem no
dzimumceliem kermena temperatiira bija zemaka
(38.5+0.44 °C) neka tam govim, kuram bija
endometrits (39.0+0.40 °C), un temperatiiras
atskiriba  bija  statistiski (p<0.05)
(skat. 1. tabulu). Pirmaja nedéla péc dzemdibam
konstatgjam vaju, pozitivu, statistiski nozimigu
korelaciju starp kermena temperatiru un izdalfjumu
raksturu (r=0.37; p<0.05), bet ceturtaja nedéla —
izdalfjumu esamibu (r=0.42; p<0.05) un endometrita
gadijumu samazinasanos (r=-0.43; p<0.05), pieaugot
laktaciju skaitam.

Pirmaja nedgla péc atnesanas trijam no 38 govim
izdalfjumi no dzemdibu celiem bija ar nepatikamu
smaku un netiri briina, sarkaniga krasa. Ceturtaja
nedéla devinam govim bija vérojami katarali strutaini
izdaljjumi no dzimumceliem. Rektala palpacija
pirmajas dienas péc dzemdibam liecinaja, ka visam

izdalfjumiem un

nozimiga
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1. tabula / Table 1

Kermena temperatiira un hematologiskie raditaji slaucamajam govim
pirmaja un ceturtaja nedéla peéc dzemdibam
Body temperature and hematological indices in dairy cows
in the 1st and 4th week after parturition

. Kermena Kf)pejfus Eritrocttu
- Izdaltjumi / C leikocttu . - -
s . temperatiira / . skaits / Hemoglobins /  Hematokrts /
o o Genital skaits / . .
3 § discharge Body White blood Red Hemoglobin, Hematocrit,
Z temperature, blood cells, gL! %
oC cells, <101
><1012

Fiziologiski /
_ Physiological 38.8+0.43 9.3+3.36 6.5+0.62 102.4+10.94 33.0+3.39
Ig B (n=35)
= = Patolologiski /

Pathological 39.4+0.40" 5.9+0.7 6.6+0.86 118.7+7.64" 36.6+3.31

(n=3)

Nav /
- Not present 38.5+0.44 11.2+£5.34 6.1+£0.72 95.3£9.65 29.242.27
'=§ § (n=27)
S £ Ir/

Are present 39.0+0.40" 10.46+2.82" 5.7+0.42 90.9+9.79" 28.4+1.72°

(n=9)
*— p<0.05

izmeklétajam govim dzemde bija ar pabiezam
mikstam sienam un ta atradas védera dobuma.
Pirmas nedglas beigas péc atneSanas dzemde kluva
ievérojami mazaka, joprojam atradas veédera dobuma
un labi reaggja uz masazu. Ceturtaja nedéla veselajam
govim dzemdes kakls bija aizvérsanas stadija un vél
bija iespgjams netraumatiski ievadit instrumentus,
0.3 cm diametra, bakteriologisko un dzemdes
biopsijas  paraugu nopemsSanai. Govim  ar
patologiskiem izdalijumiem dzemdes kakla atvérums
bija apméram 1.5-2.0 cm diametra.

Govim  ar  patologiskiem  p&cdzemdibu
izdalfjumiem kopgjais leikocTtu daudzums asinis
pirmaja nedéla p&c dzemdibam bija nedaudz
zemaks, salidzinot ar govim, kuram pe&cdzemdibu
izdalijumi bija fiziologiski, bet pirmo ¢etru nedélu
laika tas bitiski palielinajas. Savukart eritrocttu
un hemoglobina daudzums, ka arT hematokrits $Tm
govim samazindjas (1. tabula).

Visam izmekl&tajam govim pirmaja un ceturtaja
nedgla pec atnesanas konstatgjam zemu Ca daudzumu
asints. Tam govim, kuram ceturtaja nedéla tika
konstatets endometrits, vargja noverot ciesu, negativu,
statistiski nozimigu korelaciju ar Ca daudzumu asins
seruma (r=-0.79; p<0.05).
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Pirmaja nedgla péc dzemdibam arT P [imenis bija
pazeminats, bet vélak tas paliclingjas lidz normas
vertibai. Lidziga tendence $aja perioda bija vérojama
arT Mg [imenim asins seruma.

Urinvielas daudzums asins seruma visam govim
sakotngji bija normas robezas, bet ceturtaja nedéla
péc atnesanas govim ar patologiskiem izdalijumiem
no dzemdes tas samazinajas un bija butiski zemaks
par fiziologiskas vertibas vidgjiem raditajiem
(p<0.05). Savukart kreatinina daudzums asins
seruma visam govim $aja perioda vidgji bija normas
robezas.

Holesterina Iimenis asinis pirmaja nedéla bija
butiski zemaks par pielaujamam normas vértibam
(p<0.05), bet ceturtaja nedéla govim ar fiziologisku
involiicijas procesa norisi ta daudzums palielinajas
I[dz normas vertibam. Trigliceridu un amilazes
[imenis asinis caurmé&ra butiski neat§kiras ne pirmas
un ceturtas pécdzemdibu ned€las izmekl&jumiem, ne
ari fiziologiskas un patologiskas dzemdes involacijas
norises gadijumos.

Kopgja proteina, globulinu
daudzums visam govim pirmaja un ceturtaja nedela
péc atneSanas bija biitiski zemaks par pielaujamam
normas vertibam (p<0.01).

albuminu un
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2. tabula / Table 2

Asins biokimiskie raditaji slaucamam govim pirmaja un ceturtaja nedéla péc dzemdibam
Blood biochemical indices in cows in the 1st and 4th week after parturition

Pirma nedéla / Ceturta nedgla /
First week Fourth week
. Norma / iologiski siski
Parametri / ﬁZIOI_(,)gISI.ﬂ p atol_(.)glsl.q izdaltjumu izdaltjumi ir /
Norm izdaltjumi / izdaltjumi / . .
Parameters ) . . nav / discharges discharges
physiological pathological are not present are present
discharge discharge P P
Kopgjais proteins /
Total protein, 55-77 39.5+13.55" 40.245.29" 48.1+9.08" 45.4+12.19"
gL'
Albumini /
Albumin, 21-43 22.8+4.67 21.6£2.76 24.1+£2.98 22.9+4.52
gL'
Globulini /
Globulin, 2541 17.249.53 18.6+5.29 23.8+7.64 22.5+£7.97
gL'
Trigliceridi /
Triglicerids, 0.01-0.2 0.19+0.296 0.20+0.100 0.10+0.211 0.18+0.181
mmol L
Ca, mmol L 1.98-2.5 1.340.52" 1.2540.15" 1.76+0.36" 1.56+0.50"
P, mmol L! 1.5-2.9 1.0840.33" 1.1+0.17" 1.56+0.32 1.56+0.39
Mg, mmol L' 0.7-1.1 0.55+0.247 0.53+0.113 0.41+0.311 0.67+1.091
Holesterins /
Cholesterol, 2.3-6.6 1.38+0.67" 1.2+0.25" 2.3+0.83 2.0+£0.63
mmol L!
Urinviela /
Urea, 2.4-175 4.6£3.0 2.9+2.5 2.4+0.7 2.0+0.8"
mmol L
Kreatinins /
Kreatinin, 62-97 71.3+21.34 72.6+£2,33 71.7£17.99 67.8+15.92
pmol L™
Amilaze /
Amylase, 12-107 66.5+32.78 56.4+18.9 69.7+18.22 61.6+24.29
UL!
ALAT, U L! 17-37 20.4+16.49 12.30£1.73 27.1£5.75 29.3+19.62
ASAT, U L 48-100 59.6+£32.35 65.3+24.96 40.7+£9.48 45.2432.68
LDH, U L! 308-938  1417.9+£55.78™  1365.7487.08™  2216.0+£50.75" 1772.3+£574.95"
AP, UL"! 29-99 79.1£63.91 54.2+14.09 49.0+18.69 54.2425.07
" p<0.05; ™ — p<0.01

Lai gan statistiski nozimigas kop&ja proteina,
albuminu un globulinu daudzuma atSkiribas govim
ar fiziologisku un ar patologisku pécdzemdibu
procesu norisi pirmaja un ceturtaja nedgla (p>0.05)
nenoveérojam (skat. 2. tabulu), tomér jaatzimé,
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ka pirmas un ceturtas nedélas raditaju kopgjais
salidzinajums liecinaja par statistiski nozimigu
(p<0.05) kopgja proteina daudzuma palielinaSanos,
kaut arT tas joprojam bija zemaks par pielaujamam
normas vertibam (p<0.01).
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1. att. Mikroflora govju dzemdes dobuma satura 1. un 4. ned¢la p&c atnesanas.
Fig. 1. Microflora of the cow’s uterus in the 1st and 4th week after parturition.

ALAT un ASAT vidgjas vértibas abas grupas
butiski neatSkiras no normas, bet atseviskam govim
(gan ar pécdzemdibu endometritu, gan bez ta) tas
bija palielinatas. LDH daudzums visam govim
pirmaja un ceturtaja nedéla p&c atneSanas bija
lielaks par pielaujamo normu (p<0.01), bet AP bija
normas robezas. Konstatgjam, ka izslaukumam bija
pozitiva, statistiski nozimiga korelacija ar kopgja
proteina (r=0.47; p<0.01), albuminu (r=0.5; p<0.01),
holesterina (r=0.47; p<0.01), ALAT (1=0.42; p<0.05),
ASAT (r=0.4; p<0.05) un Mg (r=0.39; p<0.05)
daudzumu asinfs.

Pirmo nedglu laika péc atnesanas govju dzemdes
dobuma satura var&ja noverot plasa spektra mikrofloru
(skat. 1. att.). Pirmaja nedela péc dzemdibam
14.8% izmekléto govju konstatéjam monokultiru,
29.6% — divu Iidz cetru mikroorganismu
asociacijas, bet 55.6% govju netika konstatéta
mikroflora. Savukart ceturtaja nedéla monokultiira
dzemdes limena satura tika konstatéta 14.3% goviju,
divu lidz triju mikroorganismu asociacijas tika
izol&tas 17.1% govju, bet mikroflora netika konstatéta
68.6% govju. Visbiezak sastopama mikrofloras
asociacija dzemdeé bija Staphylococcus spp. un
Enterobacteriaceae spp..

Piena konstatetais mikroorganismu spektrs bija
ievérojami mazaks (skat. 2. att.): pirmaja nedg€la pec
atneSanas monokultiira piena tika konstatéta 77.8%
govju, divumikroorganismu asociacija— 11.1% govju,
bet 11.1% govju piena netika konstatéta mikroflora.
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Atkartotaja izmekl§juma pec Cetram nedelam
monokultiira piena bija vérojama 57.1% govju, divu
mikroorganismu sugu asociacija — 11.4% govju, bet
31.5% govju mikroflora piena netika konstatéta.
Staphylococcus spp. klatbiitnei dzemdes dobuma
saturd bija vidgja, statistiski nozimiga korelacija ar
Enterobacteriaceae spp. (r=0.52) un vaja, statistiski
nozimiga korelacija ar Pseudomonas spp. (r=0.34) un
Klebsiellaspp.(r=0.34)(p<0.001).Enterobacteriaceae
spp. mikrofloras klatbttne dzemdg vidgji, statistiski
nozimigi korelgja ar Staphylococcus spp. dzemde
(r=0.52) un vaji, bet statistiski nozimigi korel&ja ar
Klebsiella spp. (1=0.37), Pseudomonas spp. (1=0.37)
un Proteus spp. (1=0.37) dzemdg (p<0.01). Savukart
anaeroba mikroflora Clostridium spp. piena bija
vaja, bet statistiski nozimiga korelacija ar anaerobo
mikrofloru Clostridium spp. dzemdes dobuma satura
(r=0.31; p<0.05), ka ar1 ar Coryneobacterium spp.
(r=0.41; p<0.01) un Micrococcus mikroorganismu
klatbtitni dzemdes dobuma satura (r=0.28; p<0.05).

Diskusija

Endometrits un mastits ir viens no biezakajiem
slaucamo govju izbrakesanas iemesliem (Kask, 1999;
Heuwieser, Drillich, 2007). P&cdzemdibu periods ir
kritisks laiks, kad govju vispargja un reproduktivas
sistémas veseliba var rasties novirzes (Gustafsson,
Kornmatitsuk et al., 2004; Heuwieser, Drillich,
2007). Lai gan pétijuma ieklauto govju kliniska
izmeklesana liecinaja, ka govju vispargjais veselibas
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2. att. Mikroflora govju piena 1. un 4. nedg€la p&éc atnesanas.
Fig. 2. Microflora of the cow’s milk in the 1st and 4th week after parturition.

stavoklis ir apmierino$s, tomér asins morfologiskajos
un bioktmiskajos raditajos bija vErojamas biitiskas
novirzes.

Sekmigai pécdzemdibu perioda kontrolei svarigi
ir veikt iek$€jo dzimumorganu rektalo izmeklesanu,
ka arT noveérot pecdzemdibu izdalijumu izskatu, lai
savlaicigi varétu konstatét endometritu un patologisku
dzemdes involiicijas procesu. Visam govim pirmajas
divas, trijas dienas dzemde samazinajas uz pusi no ta
izm@ra, kads tai bija talit pec dzemdibam, bet ceturtaja
nedgla rektala izmeklesana ta bija sanemama roka un
labi reag€ja uz masazu. Ceturtaja ned€la p&c atnesanas
devipam no 38 govim vargja novérot patologiskus
izdaltjumus no dzimumceliem un aizkavétu dzemdes
involiciju, kas norada uz dzemdes iekaisumu jeb
endometritu. Tas ir ,,problému govis”, kam aizkavg&jas
cikliska olnicu darbiba, pagarinas servis periods
un ir trauc@ta apaugloSanas (Dzenite, Jonins, 1989;
Miettinen, 1990).

Dazu raditaju novirze no normas vértibas
var liecinat par fiziologisku procesu saistiba ar
pécdzemdibu periodu (Meyer, Harvey, 2004). Lai
nodros$inatu audu elposanu un vielmainas procesus,
eritrocitos esosSais hemoglobins piesaista skabekli.
Ta ka abu grupu govim eritrocitu skaits bija
l1dz1gs, tad, iesp&jams, hemoglobina koncentracijas
palielindgjums govim ar patologiskiem izdalijjumiem
ir saistits ar procesu intensitates
palielinagjumu, ko var izraisit iekaisuma process
un aktiva imiinsistémas darbiba, jo audiem Saja

vielmainas
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laika nepiecieSsams vairak skabekla un energijas
(Hofbauere, 2006).

Makroelementu (Ca, P, Mg) samazinajums un
sakotngja fiziologiska Ilimena 1éna atjaunoSanas
var bt izskaidrojama ar govs organisma akiito
nepiecieSamibu p&c Siem komponentiem, uzsakoties
laktacijai. Mg atrodas $tinu mitohondrijos un aktivize
fosforilgjosas oksidacijas procesus, ka arT nodrosina
dazasfermentativasreakcijasunmuskulukontrakcijas,
kas savukart aktivizé acetilholina hidrolizi, kaveé
nervu uzbudinamibu un rada muskulu atslabumu.
Bet tieSi dzemdes muskulu intensivas kontrakcijas,
kas mijas ar tas atslabSanu, ir svarigas dzemdes
invollicijas procesa gaita. Turklat Mg aktivizé arl
fermentativos procesus atgremotaju priekSkungos
tadgjadi ietekm&jot dzivnieku vielmainas procesus
kopuma.

Kalcijs (Ca) un fosfors (P) ir makroelementi,
kuru Itmenis slaucamo govju asinis visvairak
svarstas sakara ar laktacijas uzsakSanos (Meglia,
2004). Ca un P homeostaze asinis galvenokart ir
atkarTga no sabalansétas &dinasanas, kalcitonina
darbibas (Liepa,
2000). Parathormons mobilizé Ca no kaulaudiem
un pastiprina Ca reabsorbciju nieres, pastiprinot
fosfora (P) izdaliSanu caur nierém, ka art sekmé Ca
uzsitikSanos zarnas. Savukart kalcitonins samazina
Ca atpakaluzsiikSanos no kaulaudiem. Bez tam
seruma ar proteinu saistita Ca daudzums ir saistiba
ar proteina daudzuma izmainam asins seruma. Tadel

un parathormona optimalas
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vertgjot Ca daudzumu asisns seruma, janem vera
(Manevics, 1983).
Savukart hipofosfateémija pecdzemdibu laika var
but par iemeslu p&cdzemdibu hemoglobinirijai
(Ok, Guzelbektes et al., 2009). Ir novérots, ka
hipokalcémijairpredispongjoss faktors peécdzemdibu
endometritam (Mateus, Costa, 2002).

P&cdzemdibu laika noveérota holesterina daudzuma
samazinasanas tick skaidrota ar holesterina ka
izejvielas izmantoSanu estrogéno hormonu sintézei
(Liepa, Kriimina, 2004). Savukart samazinats
urinvielas daudzums atgremotaju asinis tiek saistits
ar anoreksiju sakara ar peripartalo laiku vai ar izteiktu
aknu funkcionalo mazspgju.

Kopgja proteina, albuminu un globulinu
daudzums visam pétijjuma icklautajam govim bija
mazaks par pielaujamam normas vertibam, kas kopa
ar zemo urinvielas daudzumu asinis norada uz to, ka
govis uznéma parak maz sagremojama proteina $aja
negativas energijas bilances perioda, kas var ilgt 1idz
8 nedélam péc dzemdibam (Butler, 2005).

Albuminu daudzums pavisam nedaudz lielaks
bija govim ar fiziologisku p&cdzemdibu perioda
norisi. Ka zinams, albumini tiek sintezéti aknas,
tadel jadoma, vai aknu darbiba ir pietieckami optimala
vai ar1 baribas deva trukst komponentu albuminu
sintézei. Savukart zems globulinu Itmenis var bt par
iemeslu samazinatam organisma pretestibas spg&jam
pret dzimumsistémas kontaminaciju.

LDH ir citosolisks enzims, kura izoenzimi atrodas
eritrocitos, kardiomiocitos, nierés, aknas un skeleta
muskulatira (Meyer, Harvey, 2004). LDH saturs
asins seruma palielinas muskulu $Gnu nekrozes vai
bojajumu gadijuma, bet ta daudzuma palielinajums
kopa ar aknu enzimiem ir novérots aknu patologiju
gadijuma. ST raditdja palielindjums visam pétijuma
ieklautajam govim pirmaja nedéla péc atneSanas
varétu biit skaidrojams ar dzemdes muskulatiras
involiicijas procesu.

Trigliceridi tiek uzpemti ar baribu vai tiek
sintez&ti aknas. Misu pétijuma tie bija mazakaja
piclaujama daudzuma pat vél ceturtaja nedéla péc
atnesSanas, kas liek Saubities par aknu funkcionalo
sp&ju pietickamibu. IepriekSmingto komponentu
pazeminato daudzumu asinis var saistit ar govju
samazinatu apetiti pecatnesanas perioda un negativo
energijas bilanci, kad uznemtas baribas daudzums ir
mazaks par organismam nepieciesamo.

Plasa spektra mikrofloru dzemdes dobuma satura
konstatgjam pirmas nedelas laika pec atneSanas
(1. att), kas ir saskapa ar daudzu citu autoru
pétfjumu rezultatiem (Bekana, 1996; Kask, Kindahl,

olbaltumvielu Iimenis asinis
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Gustafsson, 1998; Kask, 1999). Miisu pétijuma visas
noverotas korelacijas starp mikrofloras asociacijam
bija pozitivas, bet statistiski nenozimigas (p>0.05),
ko var izskaidrot ar mikrofloras attistibai labvéligo
vidi govs dzemdg.

Secinajumi

1. Asins biokimisko raditaju analize ir kriterijs,
kas raksturo vielmainas procesus kopuma un
kontrol& organisma nodro$inajumu ar svarigiem
komponentiem, tacu ta nedod priekSstatu par
pecdzemdibu perioda gaitu.

2. Nepietickams slaucamo govju nodros$inajums
ar protetnu, Ca, P, Mg un trigliceridiem
peripartalaja perioda var biit viens no
faktoriem, kas veicina organisma reaktivitates
mazinasanos, kas savukart ir par iemeslu
samazinatai iminsistémas spgjai iznicinat
dzimumsistémas mikrobialo kontaminaciju.
Par to liecina  konstatetas  statistiski
nozimigas korelacijas starp atseviskiem
komponentiem asins seruma un atsevisku
mikroorganismu klatblitni piena un dzemdes
dobuma satura.

3. Kopgjaisleikocitudaudzumsasinisirinformativs
parametrs iekaisuma procesa konstat€Sanai
organisma, bet iekaisuma procesa lokalizacija
un saistiba tie$i ar dzemdes vai tesmens
iekaisumu p&cdzemdibu perioda ir jaapstiprina
ar klmisko izmekl&jumu rezultatiem.

4. Visinformativakais raditajs dzemdes involiicijas
gaitas prognozesanai ir kermena temperatiiras
paaugstinasanas un izdalfjumu raksturs no
dzimumeceliem pirmajasnedélas pécdzemdibam,
ka arT to esamiba vélaka pecdzemdibu perioda.
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Aknu histopatologijas saistiba ar aknu fermentu raditajiem
iidelem hepatita gadijuma
Correlation between Liver Histopathology and Liver Enzyme Indicators
in Mink with Hepatitis
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Abstract. The dystrophy of mink liver is widely distributed in mink farms of Latvia. However, clinical
diagnostics of the liver dystrophy is quite difficult. The hypothesis of this study was to clarify indicators of
ALAT (alanine aminotransferase) and SAP (alkaline phosphatase) as criteria in early diagnostics of mink liver
injury. The goal of this study was to determine the potential correlation between the expressed functional
indicators and histopathology of the liver. Blood samples were obtained from ten minks, seropositive against
the Aleutian disease. Liver injury was assessed histologically. Through application of the biotin-streptavidine
immunohistochemical method, the presence of hepatocyte growth factor, as well as the basal membrane
components was established in the mink liver tissue, but liver apoptosis was determined by TUNEL reaction.
For assessment of cytokines, a semi-quantitative counting method was used. The results showed apoptosis of
the hepatocytes in the whole area of the liver parenchyma. We concluded that correlation between apoptosis
and expression of inflammation cells in the mink liver was non-existent. In the same way, the results do
not confirm a correlation between the expression of the ALAT and SAP activity and the level of the mink
liver injury.

Key words: mink, liver, blood, histopathology, Aleutian disease.

Ievads plazmocitozi, bet arT ierosina glomerulonefiita

Aknas ir lielakais metabolisma centrs, un to
funkcijas ir tik daudzveidigas, ka biezi So organu
apzimé par organisma bioktmisko laboratoriju. Aknas
ir organs, kuras tick parstradatas no gremosSanas
trakta uzsiiktas vielas un uzkratas citu organu $tnu
vajadzibam. Tas ir ka koordinators starp gremosanas
sistému un asinim (Kelly, 1993; Junqueira, Carneiro,
Kelley, 1998) un tadel ir paklautas dazadu toksisku
faktoru un patogénu mikroorganismu darbibai. Aknu
slimibas patogenétiski veidojas ka hepatocelulara
patologija, holestaze un funkcionalie trauc&jumi
jeb mazspgja (Jemeljanovs, Manevics, Diritis,
2007). Vislielaka probléma, ar ko saskaras Latvijas
zversaimniecibas, ir Gidelu Aleuta slimiba, jo tas
ierosinatajs (parvoviruss) ne tikai vairojas makrofagos
un, nomacot CD8+ $iinas (T supresorus), stimulé
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un hepatita attistibu (Porter, Larsen, Porter, 1973;
Hunter, Lemieux, 1996). Ganampulkos konstateti
vid&ji 80% pret Aleuta slimibu seropozitivi dzivnieki
(Valdovska, 2008).

Veicot tiesu klmisku izmekle$anu, Gidelu aknam
ir griiti piekldit, jo tas atrodas dzivnieka vedera
dobuma pricksgja dala pie diafragmas, tatad zem
ribam. Turklat tideles ir plesgji, tade] to aknu kliniska
izmeklgSana iesp&jama
arT cilvéku pasSaizsardzibas noltika. Kaut gan
veterinarmedicina ped&jo gadu laika attistas ta saukta
vizuala diagnostika (rentgenografija, ultrasonografija
utt.), tomer aknu slimibu diagnostikas praks€ plasi
tiek izmantota asinu bioktmiska un urina kimiska
izmekl&Sana ka aknu patologijas agrinas noteik$anas
metode (Jemeljanovs, Manevics, Diritis, 2007).

zversaimniecibas nav
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Aknu funkciju tests ir biokimisko raditaju
grupa, ko lieto, lai identificgtu pacientus ar aknu vai
biliara trakta saslim$anam (Mason, 2004). Lai gan
aknas, to funkcionalai kapacitatei samazinoties par
70-80%, rodas kliniskas parmainas, tam tomér
piemit augstas regeneracijas un funkciju atjaunoSanas
sp&jas (Aughey, Frye, 2001; Jemeljanovs, Manevics,
Diritis, 2007).

Udelem patologanatomisko sekciju laika 80%
gadijumu tiek konstatéta aknu distrofijas aina, tadgl
svarigi bija noskaidrot iesp&jamo markieri asins
seruma ka aknu morfopatologiska stavokla agrinu
raditaju, kas lautu izveleties savlaicigas arstniecibas
metodes. Jaatzimée, ka literatiira $adi petijumi tdelém
nav aprakstiti. Misu darba hipotézes pamata ir
pienémums, ka aknu patologiju agrinai diagnostikai
varétu izmantot seruma alaninaminotransferazes
(ALAT) un sarmainas fosfotazes (SAP) raditajus,
kaut gan uzskata, ka aknu slimibu diagnostika ALAT
ir specifisks tikai suniem un kakiem (Jemeljanovs,
Manevics, Durttis, 2007).

Darba meérkis bija noskaidrot, vai paaugstinati
aknu funkciju testu raditaji Aleuta virusa skartam
tdelém korel€ ar aknu histopatologiskam izmainam.

Materials un metodika

Dzivnieki. Desmit 7 méneSus vecas, tumsi
briinas tdeles tika izveletas kazokadu ieguves laika
Rigas rajona zversaimnieciba; dzivniekus atlasija
p&c nejausibas principa. Ar imtnelektroosmoforézes
reakcijas (IEOFR) palidzibu konstatgja, ka visas
pétijumam izveleétas Udeles ir Aleuta slimibas
seropozitivas (Hunter, Lemieux, 1996).

Asins paraugus ieguva, veicot dzivnieka sirds
punkciju (Jepsen, Poulsen, Jorgensen, 1981), bet
pec udelu parenteralas eitanazijas ar 10% ditilina
$kidumu aknu audus fiks€ja 12% formalina skiduma.
Iegtitos asins paraugus 2 h laika nosiitija uz Nacionalo
diagnostikas centru, lai noteiktu aknu funkciju testa
raditajus.

Histopatologija. Formalina fiksétos aknu audus
ieguldija parafina un ar mikrotomu sagatavoja 6 pm
planus griezumus. Aknuaudu vispargjai morfologiskai
izpétei izmantoja plasi lietoto hematoksilina/eozina
metodi (Aughey, Frye, 2001). Vispirms
paraugu deparafinizaciju (ksilols, etilspirts), bet pec
tam tos krasoja péc sheémas: hematoksilins, eozins,
atidenosana ar 70° un 96° etilspirtu, karbolksilols.

KrasoSanas rezultata Stnas bazofilas dalas
ickrasojas zili violetos tonos, bet acidofilas dalas — no
roza lidz tumsi sarkanam tonim.

veica
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Imiinhistokimija. Hepatocitu augSanas faktora
(HGF) klatbiitni Gdelu aknu audos konstatgja ar
biotina—streptavidina imiinhistokimiskas metodes
palidzibu (Hsu, Raine, Fanger, 1981), bet apoptotisko
$tinu daudzumu noteica, izmantojot TUNEL reakciju
(Negoescu, Guillermet et al., 1998).
deparafiniz€ja un rehidratgja.
Salsskaba natrija citrata buferSkiduma (Solutio
Natrii Citrici 4%, pH 10) ievietotus preparatus uz
20 min ielika mikrovilnpu krasni. Uz katra griezuma
endogénas peroksidazes aktivitates blokESanai uz
10 min uzklaja 150 pl 3% H,O,, bet p&c tam
preparatus divas reizes skaloja ar PBS (fosfatu bufera
Skidums, pH 7.4). Nespecifisko antivielu saistiSanai
10 min lietoja serumu (100 ml destileta H,O un
0.03 g veérSa sausa seruma), un pec tam paraugus
2 h inkubgja ar primarajam antivielam (HGF kods
AF294NA, 1:300, R&D System, Vacija).

Imiinreakcijas vizualizacijai tika lietotas arT
citas antivielas — LSAB-+KIT (streptavidins, kas
saistlts ar enzimu peroksidazi) (kods K1015,
DakoCytomation, Danija) un substrata homogéna
sisttma DAB (diaminobenzidine) (kods K3468,
Dako, Danija), bet preparatu kontrastkrasoSanai —
hematoksilins.

Pozitivas reakcijas gadijuma velamas struktiiras
nokrasojas briinas.

Statistiska analize. Kvantitativa metode tika
izmantota ickaisuma S$iinu skaitiSanai trijos brivi
izvElétos redzes laukos ap centralo aknu vénu
400x palielinajuma.

Citoktnu producéSanas novertgjumam tika
izmantota puskvantitativa skaitiSanas metode
(Pilmane, Rumba et al., 1998). Imtinpozitivas $iinas
tika aranzgtas: (+) — maz, (++) — vid&ji, un (+++) —
daudz pozitivo §tnu.

Datu apstrade tika veikta, izmantojot statistikas
metodes  vidgja
aprékinasanai.

Griezumus

lieluma un standartnovirzes

Rezultati un diskusija
Iekaisuma Siinu infiltracija aknas

Celularais, biokimiskais un molekularais
mehanisms, kas rada traucEjumus hepatocitos, ir
svarigs gandriz visu aknu slimibu gadijumos (Sokol,
2002). Udelu aknu paraugos novérojam, ka daivinu
arhitektiira ir saglabata, bet iekaisuma infiltrats, kas
bagats ar limfocitiem, plesas virziena no portala
trakta uz blakus esoSo parenhimu. Iekaisuma
infiltracija bija redzama visas parenhimas dalas,
iznemot tikai portalas vai periportalas dalas. Sadu
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ainu autori (Macsween, Anthony, Scheuer, 1979)
raksturo ka hronisku hepatitu ar noslieci uz aknu
nekrozi.

Iekaisums ir sarezgita reakcija, kura pakapeniski
iesaistas vairaku veidu Sitinas. Desmit dzivnieku

vénu atradam Jloti izteiktu audu infiltraciju ar
makrofagiem (Ma), neitrofiliem leikocitiem (Ne
Lei) un limfocitiem (Li), kas liecina par patologiska
procesa klatbiitni tidelu aknas (1. att.).

Iekaisuma Stnu izplatiba butiski atskiras —

histologiskajos paraugos ap aknu centralo vislielako skaitu konstatéjam limfocitiem. Limfocitu
)
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1. att. Iekaisuma $tinu daudzuma salidzinajums Gdelu aknas.
Fig. 1. Comparison of the amount of inflammation cells in mink liver.
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2. att. Iekaisuma §tinas un apoptoze.
Fig. 2. Inflammation cells and apoptosis.
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infiltracija liecina par iekaisuma procesu pergklt un
raksturo reakciju, ko izraistjusi bakteriala vai virusu
infekcija (Willard, Tvedten, Turnwald, 1994). Lai gan
misu pétljumaaknu parenhimaneitrofilo leikocTtu bija
par 27.8% mazak neka limfocTtu, tomé&r to var uzskatit
par nozimigu aknu funkcionala stavokla raditaju. So
Stnu infiltrats veidojas septiska iekaisuma procesa
laika, to novero hepatita gadijuma, un tas liecina par
aknu parenhimas infekciju (Klatskin, Conn, 1993).

Veselos audos neitrofilo leikocttu praktiski
nav — tie atrodas asinsrite¢ (Kellers, 1991; McGee,
Isaacson, Wright, 1992), tad¢] svarigi bija noskaidrot
asinsvadu caurlaidibu, t.i., bazalas membranas
komponentus. Udelu aknas lamininu, IV tipa
kolagénu un fibronektinu konstatgjam fragmentari
(asinsvadu sienas atseviskos posmos) un galvenokart
tikai mazajos asinsvados. Tas norada uz bazalas
membranas caurlaidibas palielinaanos un samazinatu
asinsvadu aizsargbarjeru, kas nodroSina pazeminatus
imiinas aizsardzibas apstaklus (Brown, Lindberg,
Reing, 2006). Asinsvadu caurlaidibas palielinasanas
nozimigs veicinatajs ir Aleuta slimibas ierosinatajs,
kura darbibai nav raksturigi tie$i audu bojajumi —
virusa patogenézes pamata ir spg&ja veidot asinis
imiinkompleksus  (viruss—antiviela—komplements),
kuri piestiprinas pie asinsvadu sieninam, veidojot
sakopojumus un tadgjadi izraisot arteritus un arl
bazalas membranas izzuSanu (Porter, Larsen, Porter,
1973; Hunter, Lemicux, 1996).

Hepatocitu apoptoze

Izveértgjot sakaribu starp hepatocitu bojacju un
iekaisuma procesu (2. att.), konstatgjam, ka loti lielas
(3) vai vidgjas (2) apoptozes gadijuma ickaisuma
stinu ekspresija butiski neatskiras, turpretim mazas
apoptozes (1) gadijuma to daudzums bija butiski
mazaks. Nov&rotais rada, ka apoptozei nav butiskas
sakaribas ar iekaisuma $tinu ekspresiju, kas sakrit arT
ar citu petnieku (Green, Ree, 1998; Rubin, Farber,
1999) secinato, — tatad apoptozes process var notikt
arT bez iekaisuma reakcijas attistibas.

Iekaisuma procesa attistiba un iekaisuma Stnu
(neitrofilo leikocTtu un makrofagu darbiba un to
hidrolitiskie enzimi) aktivitate var izraisit hepatocitu
apoptozi (Kelly, 1993; Klatskin, Conn, 1993) jeb
programméto §tinu bojaeju, kas savukart var radit
$tnu citoplazma esoSo fermentu (aknu funkciju testa
raditaju) izplGsanu asinis (Jemeljanovs, Manevics,
Diirftis, 2007).

Pétijuma izmantoto ddelu
hepatocitu apoptozi noverojam visas parenhimas
dalas, kas liecina par sisteémisku infekciju, kaut gan

aknu paraugos
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fiziologiski apoptozes process galvenokart notiek
centralas venas apvidi. Tas nozim€, ka hepatociti
rodas aknu acinusa 1. (periportalaja) zona un lénam
migré uz 3. (centrolobularo) zonu, kur tie degenergjas
(Klatskin, Conn, 1993; Rubin, Farber, 1999).

Aknu funkciju testa raditaji

Udelu asins biokimisko raditaju rezultati apkopoti
1. tabula.

Aknu  funkciju  traucgjumu  diagnostika
nepiecieSams veikt asins analizi un noteikt ALAT un
SAP raditajus. ALAT daudzumu jo ipasi nepiecieSams
noteikt dzivniekiem ar hronisku hepatitu (Yumnaps,
Teearen, TopuBampa, 2004), kadu novérojam ari
eksperimentalajam didelém, analiz&jot iekaisuma
§tnu infiltraciju. Zinojumi par seruma kimiskajiem
raditajiem veselam tdelém ir |oti ierobezoti (Weiss,
Waustenberg et al., 1994), pie tam tie ir atSkirigi.

Pétijuma icklautos dzivnickus negrupgjam
atseviski péc dzimuma, jo ir noskaidrots, ka starp
fdelu tevipu un matiu asins hematologiskajiem
un bioktmiskajiem raditajiem nepastav statistiski
butiskas atskiribas (Weiss, Wustenberg et al., 1994).
Salidzinotar Hunterun Lemieux (1996) ieteikto ALAT
raditaju, misu eksperimenta izvéletajam tidelem 40%
gadijumu tas parsniedza vesela dzivnieka indikatoru,
tacu neviena gadijuma nebija augstaks par normu
vairak ka divas reizes. Arl salidzinot ar Veisa un
kolegu (Weiss, Wustenberg et al., 1994) konstatéto
ALAT diapazonu veselam, picaugu$am tumsi brinam
tidelém, visi misu iegiitie rezultati bija paaugstinati,
bet neviena gadijuma ieteikto normu neparsniedza
vairak ka tris reizes. Tatad §1 fermenta limena
paaugstinasanas pétitajos dzivniekos vért€jama ka
neliela (2-3 reizes lielaka par normu) (Yummapz,
Teearen, TopuBanba, 2004), kam par c€loni vargja
biit gan bakteriologiski neatbilsto$a dzivnieku bariba
(Juokslahti, 1980), gan hronisks process, pieméram,
tadas aknu saslimSanas ka ciroze vai aknu neoplazija
(Yunnmapn, Teenren, ToprBamsa, 2004). Visu tdelu
aknu paraugos novérojam taukaino distrofiju, tacu $1s
patologijas smagumam nebija savstarpgjas sakaribas
(skat. 1. tabula) ar ALAT raditaja palielinasanos.
Lidzigu izteikusi arT citi pétnieki
(Yunnapn, Tearen, TopuBansm, 2004).

ALAT atrodas $iinas citoplazma, tatad ta nokltisana
asints liecina par aknu $tinu membranu bojajumu.
Izvertgjot apoptozes procesa sakaribu ar ALAT,
konstatéjam, ka vidgjas (++) apoptozes gadijuma
fermenta [imenis ir palielinats, bet ja apoptoze ir liela
(+++) vai neliela (+), $is raditajs ir normas robeZzas.
Tas lauj secinat, ka ALAT limenis palielinas akaitu

secinajumu
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1. tabula / Table 1

Udelu aknu imiinhistokimiskie un asins biokimiskie raditaji
Mink liver immunohistochemical and blood biochemical parameters

Iekaisuma
N stinu Taukaina  Hepatocitu
infiltracija/  distrofija/  apoptoze / ALAT SAP
pl;llz / Infiltration of Fatty Apoptosis of HGF (U/L) (U/L)
' inflammation  distrophy  hepatocytes
cells
1. XXX X XX XXX 194.6 165.2
2. XXX XX XX XXX 87.4 119.4
3. XX X XXX X 116.2 194.1
4. XX X XX XX 182.6 188.5
5. X XX XX XXX 260.6 265.9
6. XX X X 157.6 279.2
7. X XXX X XX 89.9 139.6
8. XX X XXX X 117.8 197.1
9. XXX XX X X 90.4 178.6
10. X XX XX XXX 200.8 498.7
Hunter, .
Norma / Lemieux, hd? 5/ él g to 37-67
1996
Standard Weiss et al.,
1994 71.6-80.0

HGF - hepatocitu augSanas faktors / hepatocyte growth factor; ALAT — alaninaminotransferaze / alanine
aminotransferase; SAP — sarmaina fosfotaze / alkaline phosphatase; x — maz / weak; xx — vid&ji / moderate;

xxx — daudz / intense.

aknu $tinu bojajumu gadijumos, kas sakrit ar citu
pétnieku konstatéto (Mason, 2004). Fermenta limena
izmainas var konstatet arT pie organisma pirmé&jam
saslimSanam, kas nav saistitas ar aknam, piemeram,
zarnu trakta saslimSanas gadijuma (Jemeljanovs,
Manevics, Diritis, 2007) un, iesp&jams, arT ja Aleuta
viruss skaris citus organus, piem&ram, nieres.

Izveértéjot aknu S$Onu regeneracijas markiera
ekspresiju tide]u aknas (skat. 1. tabulu), konstatgjam,
ka ALAT Iimenis ir paaugstinats, ja dzivnieka
organisma HGF izdalas pastiprinati, bet tas ir normas
robezas, ja HGF izdale ir vidgja (++) vai maza (+).
Arl citi ptnieki (Ywuiapa, Teearen, TopHBambi,
2004) apstiprina, ka ALAT fermenta daudzums aknu
regeneracijas laika saglabdjas palielinats. P&tfjuma
rezultata secinajam, ka Aleuta virusa skartam tidelém
hepatita gadijuma ALAT [imenis var blit gan normas
robezas, gan arl paaugstinats.

Sarmaina fosfataze jeb SAP ir ferments, kas
saistits ar aknu $tnu membranu struktiram. No
iegiitajiem asins rezultatiem (skat. 1. tabula) redzams,
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ka SAP limenis visam tidelém bija palielinats — viena
gadijuma (jeb 10%) pat vairak neka piecas reizes.
Sads loti paaugstinats fermenta daudzums vérojams
akiitas hepatocitu nekrozes gadijuma, tacu kopuma ta
nelielu paaugstinasanos var konstatet aktita hepatita
gadljuma (Mason, 2004). Savukart fosfatazes
aktivitates palielinasanas tris un vairak reizu liecina
par aknu lipidozi (Ywuiapn, Teearen, TopHBaibn,
2004). Literatura (Juokslahti, 1980) atrodami dati,
ka fermenta aktivitate seruma bitiski augstaka ir
tdelém, kuras sanémusas bakteriologiski neatbilsto$u
bartbu. Lai gan misu pétfjuma taukaino distrofiju
aknas konstatgjam visam tdelém, tomér kopuma
sakaribu starp distrofijas smaguma pakapi un SAP
Iimena paaugstinasanos nenovérojam. Tatad fermenta
daudzuma palielinasanas asinis varetu liecinat arT par
sistémisku saslimsanu.

Aknu histopatologija un aknu fermentu aktivitate
asinTs ari pétita suniem bez aknu saslimsanu kliniskam
pazimém un péc fenobarbitalu sanemsanas. Lidzigi
miisu iegiitajiem rezultatiem arf citi petnieki (Gaskill,
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Miller et al., 2005) konstatgjusi, ka aknu enzimu
ALAT un SAP palielinata aktivitate nekorele ar
histopatologiskajam anormalijam.

Secinajums

Ar Aleuta virusu skartam udelem hepatita

gadijuma netick novérota sakariba starp ALAT un
SAP fermentu paaugstinatu Itmeni asinis un aknu
slimibu smagumu, un tatad $ie raditaji nav lietojami
ka prognostiska pazime.
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The Resistance of Some Prebiotics and Probiotic Bacteria in the
Stomach Model Environment
DazZu prebiotiku un probiotisko baktériju rezistence kunga modeli
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Abstract. This study was done to evaluate the resistance of 4% water solution of prebiotics (inulin, maltodextrin,
and lactulose) and probiotic bacteria Bifidobacterium lactis Bb-12 and Lactobacillus acidophilus in different
stomach model environments. The simplest stomach model environment was an HCI water solution and an
oat gruel filtrate with 0.46% of solids at pH 2. Fermentations of oat gruel water environments with or without
prebiotics and/or probiotic bacteria were carried out at 37 °C for 30 or 60 min. In water as well as in oat gruel
environments, lactulose and maltodextrin proved to be more resistant than inulin. After 60 min of incubation
with raftiline, glucose, and albumin, probiotic bacteria L. acidophilus showed slightly higher viable cell count
(VCC) than B. lactis Bb-12. Both cultures had similar good resistance in oat gruel-based stomach model
system; however, B. lactis Bb-12 was found to be slightly more resistant than L. acidophilus. The biomass
samples of B. lactis Bb-12 and L. acidophilus were discriminated by Fourier transform infrared (FTIR)
spectroscopy according to the composition of growth environment in order to evaluate qualitative differences
in the carbohydrate composition and quantitative differences in the content of total carbohydrates and proteins
in bacterial cells. In the environment with raftiline and albumin, the amount of B. lactis biomass increased
nearly twice and the intensity of the absorption band at 1040 cm™ increased significantly, which differed from
the environment with glucose.

Key words: prebiotics, probiotic bacteria, stomach model environment, resistance.

Introduction arabinogalactan, polydextrose and maltodextrin.

Prebiotics are nondigestible food components that
selectively stimulate the growth and/or activity of
one or a limited number of bacteria in the colon that
can improve the host’s health. Natural prebiotics are
components of different foods and can be isolated from
plants or synthesized enzymatically, for example from
sucrose. The prebiotic must be stable in the stomach
environment, not absorbed in the gastrointestinal
tract but fermented by the gastrointestinal microflora,
and must selectively stimulate the growth and/
or activity of intestinal bacteria associated with
health and wellbeing (Gibson, 1999; 2004; Wang,
2009). Well known prebiotics are lactulose, lactitol,
oligofructose, fructooligosaccharides, inulin and
galacto-oligosaccharides, isomaltooligosaccharides,

LLU Raksti 24 (319), 2010, 55-64

Probiotics are microorganisms — certain species
and of Lactobacillus, Bifidobacterium,
and Streptococcus used as supplements of foods
and beverages. However, not all bacteria present
in fermented milk products or yogurt possess the
probiotic effect. Foodstuffs with probiotic bacteria
and prebiotic additives are called synbiotic or eubiotic
functional foods that possess increased survivability of
the administered probiotic and facilitate its inoculation
in the large intestine (Scantlebury-Manning, Gibson
2004). Recent studies have shown that synbiotics
modulate the gut microbiota, promoting its healthier
composition; it appears that synbiotics can be more
efficient than either pro- or prebiotics alone in
inducing this effect (Saulnier, 2007).

strains
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There are many studies dealing with the effect of
prebiotics on the organism in vivo experiments while
few investigations are devoted to in vitro experiments
on the impact of fructooligosaccharides on the growth
of'selected probiotic bacteria. The growth dynamics of
Lactobacillus acidophilus DSM 20079, Lactobacillus
acidophilus DSM 20242, Bifidobacterium bifidum
DSM 20082, Bifidobacterium  bifidum DSM
20215, Bifidobacterium bifidum DSM 20239, and
Bifidobacterium bifidum DSM 20456 in media
supplemented with various saccharides, including
prebiotic preparations, were evaluated by Goderska,
Nowak and Czarnecki (2008). An ideal probiotic
would be one that can survive passage through the
gastrointestinal tract, establish itself permanently in
the small intestine and colon, and provide a specific
health benefit for the host by eliciting an immune
response; secretion, production, and synthesis of
compounds such as short-chain fatty acids, lactic acid,
and bacteriocins or another appropriate mechanism.
As a source of energy this probiotic would selectively
utilize a prebiotic, would be safe, and would have
few, if any, side effects (Bezkorovainy, 2001).

Lactic acid-fermented foods have been shown to
increase the absorption of iron (Fe) inhuman organism,
possibly by lowering pH, activation of phytases, and
formation of soluble complexes of Fe and organic
acids. Bering, Suchdev and Sioltov (2006) tested the
effect of an oat gruel fermented with Lactobacillus
plantarum 299v on non-haem Fe absorption from
a low-Fe bioavailability meal compared with
pasteurized, fermented oat gruel and non-fermented
oat gruels. It was shown that fermented gruel with
live L. plantarum 299v significantly increased the
absorption of Fe compared with the pasteurized and
non-fermented gruels. Oat gruel is one of typical foods
for infants and elderly people, and there are several
oat-based functional food products on a market, thus
the resistance of prebiotics in oat gruel-based stomach
model environment should be estimated.

The aim of this study was to evaluate the
resistance of some prebiotics (inulin, lactulose, and
maltodextrin) and the growth of probiotic bacteria
Bifidobacterium lactis Bb-12 and Lactobacillus
acidophilus in different simple stomach model
environments.

Materials and Methods

Prebiotics under the study were: lactulose-based
solution containing >67.0% of lactulose (Duphalac,
Netherlands), >10.0% of galactose, and >6.0% of
lactose; inulin (Raftiline HP, Orafti, Belgium), with
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inulin content >99.5%, polymerization degree >5,
dry matter (DM) content — 97%; and maltodextrin
(Aldrich). The probiotic bacteria — freeze-dried
Bifidobacterium lactis Bb-12 and Lactobacillus
acidophilus — were obtained from Chr. Hansen
(Denmark).

The stomach model environment was an HCI
water solution with pH 2 and an oat gruel filtrate with
0.46% of solids at pH 2. An oat gruel filtrate was
prepared from 10 g of oat flacks per liter of water,
boiled for 10 min. Water solutions of prebiotics — 4%
of inulin, 4% of maltodextrin, or 4% of lactulose —
were stored at 37 °C for 15, 30 or 60 min, at pH 2.
Fermentations of 0.46% oat gruel water solution with
or without prebiotics and/or probiotic bacteria were
carried out at 37 °C for 30 and 60 min.

Priorto fermentation, Bifidobacterium lactis Bb-12
and Lactobacillus acidophilus were twice cultivated
in MRS (de Man, Rogosa and Sharpe) medium at
37° C for 24 h, then centrifuged and the obtained
biomass dissolved in 2 mL of peptone water, pH was
regulated to 2, and 400 pL of culture were grown in
water-prebiotic environment with 4% of raftiline,
4% of albumin, and 4% of glucose in several
combinations at 37 °C for 60 min. The viable cell
count (VCC mL™!) was tested before and after the
fermentation.

The concentration of total carbohydrates was
measured after hydrolysis (10% HCI) by Lane-Eynon
method, and was calculated as reducing sugars
(RS). Free reducing sugars were determined without
hydrolysis according to Velikaya, Suxodul and
Tomasevich (Bemnkas, Cyxony:, Tomamesnd, 1964).
The DM of samples was determined gravimetrically
after dehydration at 105 °C. The content of inulin
was determined according to the AOAC 999.03 and
AACC 32.32 methods. Lactulose was determined
chromatographically by Agilent 1100, using Aminex
HPX-87H column (Biorad), the refraction index
detector, at 45 °C, mobile phase — 0.005 M H,SO,,
the speed of mobile phase — 0.6 mL min’', and the
sample volume — 20 pL. The content of maltodextrin
was determined as the concentration of glucose
(Schmidt, 1961).

Fourier transform infrared (FTIR) absorption
spectra were registered on an HTS-XT micro-plate
reader (BRUKER, Germany). The samples of oat
gruel media, prebiotic components (10-20 uL), and
biomass of Bifidobacterium lactis Bb-12 (5-10 pL)
were dried on a 384 place silicon plate at 50 °C,
and the spectra were collected over the wavelength
range of 4000-600 cm™, 32 scans, resolution —
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Table 1
The concentration of prebiotics after fermentation in water solution
Breblotlcs Rera ction Total Glucose, Fructose, Inulin, Lactulose,
in water time, carbohydrates,
. . % % % %
solution min %
Inulin, 0 3.33 0.009 0.024 2.96 -
4.00% 15 3.25 0.010 0.040 2.76 —
30 3.26 0.010 0.050 3.03 -
Lactulose, 0 1.69 0.006 0.002 - —
4.00% 15 1.55 0.005 0.003 - 1.89
30 1.48 0.006 0.002 - 1.92
Maltodextrin, 0 1.02 0.065 - - -
4.00% 15 0.98 0.060 - - -
30 1.15 0.060 — - —
Table 2
The concentration of prebiotics after fermentation in stomach model environment
with gruel filtrate
'Preblotlcs Reaction Total .
in stomach time carbohvdrates Glucose,  Fructose, Inulin, Lactulose,
model - TSy, % % %
. min %
environment
Inulin, 0 3.60 0.011 0.029 3.17 -
4.00% 30 3.27 0.033 0.307 2.67 -
60 3.32 0.055 0.578 2.29 -
Lactulose, 0 1.64 0.006 0.003 — 1.808
4.00% 30 1.67 0.007 0.003 - 1.521
60 1.57 0.007 0.004 - 1.617
Maltodextrin, 0 1.32 0.072 - - -
4.00% 30 1.26 0.065 - - -
60 1.24 0.068 — — -

6 cm’!. Data were processed by software OPUS 6.5,
and baseline corrected by the rubber band method,
CO, bands excluded. For data processing, spectra
with the absorption of 25-80% were used to ensure
direct proportionality of the band intensity and
concentration, and thus apply the semi-quantitative
analysis. Data pre-processing for cluster analysis
were vector normalization and frequency ranges
1501-727 cm'. The semi-quantitative analysis
was based on the band integration (an integration
area) — the vertical to the oblique line between
the closest minimums of peaks: 1040 cm™ for
carbohydrates, and 1543 cm! for proteins (Amid II).

Results and Discussion

The resistance of prebiotics was studied in water
solution and oat gruel as the simplest stomach model

LLU Raksti 24 (319), 2010, 55-64

environment. The concentrations of prebiotics after
fermentation for 15, 30 or 60 min are shown in
Tables 1 and 2. The concentration of inulin, lactulose
and maltodextrin in a water solution practically
did not change during 30 min; however, lactulose
and maltodextrin were slightly more resistant than
inulin (Table 1). The stomach model environment
with a gruel filtrate contained oat origin substances,
including carbohydrates and one of the prebiotics
under the study. During fermentation for 60 min,
lactulose and maltodextrin proved to be more stable
than inulin as its concentration decreased from
3.17 t0 2.29% (Table 2).

The resistance of prebiotics in oat gruel was
evaluated also by means of FTIR spectroscopy
(Fig. 1). Infrared (IR) absorption spectra of oat
gruel and with three prebiotic components varied in
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Fig. 2. The concentration of inulin in the stomach environment model during fermentation with:
1 — 4% raftiline powder in water solution; 2 — 4% raftiline + 4% glucose; 3 — 4% raftiline + 4% albumin;

4 — 4% raftiline + 4% albumin + 4% glucose.

Table 3

Viable cell count (VCC) of Bifidobacterium lactis Bb-12 in different stomach model environments

The stomach model
environment and

the reaction time

VCC,
mL!

A (30 min-60 min)

Control
H,0 (2.99+0.42) 107
30 min (23.4542.19)10°

4.90-10°
60 min (18.550.64)10°
Raftiline, 4.00%
30 min (26.045.66) 106 65 107
60 min (17.35+0.49) 10¢ '
Lactulose, 4.00%
30 min (24.85+7.28) 10°

6.0510°
60 min (18.8040.28) -10°
Maltodextrin, 4.00%
30 min (23.70+7.5) 10°

4.45-10°
60 min (19.2540.35) 106
Oat gruel, 0.46%
30 min (24.75+3.18) 10° 3510
60 min (17.40+0.57) 10 ’

LLU Raksti 24 (319), 2010, 55-64
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the carbohydrate region of 900-1200 cm™ (CO, CC,
stretching vibrations and COH, COC deformation
vibrations of carbohydrates) with maximums at
1080, 1075, or 1032 cm! in the maltodextrin,
lactulose, or inulin additive samples correspondingly.
The spectra of oat gruel and oat gruel with
maltodextrin were similar, and no band can be
assigned as a characteristic for maltodextrin in
this mixture. Absorption bands of inulin and
lactulose overlapped with oat carbohydrate bands
thus changing the shape of total carbohydrate
band. In the spectrum of oat gruel with lactulose,
a separate band at 780 cm! was more pronounced
than in oat gruel spectrum and therefore can be
used for quantitative evaluations. In the spectrum of
oat gruel with inulin, a separate band at 936 cm
was much higher than in oat gruel spectrum. Our
previous studies showed that it can be assigned as
a characteristic for inulin, and therefore was used
to control the changes in inulin concentration in
Jerusalem artichoke or chicory (Bekers, Grube,
Upite, 2007). Evaluation of the spectra by cluster

analysis did not show any significant changes during
the reaction time. Nevertheless, the cluster analysis
demonstrated pronounced differences between the
spectra depending on the applied prebiotic additive.

A more complicated stomach environment model
was water solution of 0 or 4% of inulin/raftiline,
albumin and glucose. The initial concentration of
inulin as well as after 60 min of fermentation was
determined, and the results are shown in Fig. 2.
The study showed that albumin stimulates the
destruction of inulin.

The benefits of probiotics depend on their
viability and growth under specific environmental
conditions. As probiotic bacteria are the most
important components of the symbiotic complex
acting in the intestine and effectively diminishing the
risk of many illnesses, the effect of inulin, lactulose
and maltodextrin in gruel filtrate and of albumin and
glucose on the resistance of Bifidobacterium lactis
Bb-12 and Lactobacillus acidophilus was studied
(Tables 3 and 4). Both cultures showed similar good
resistance in an oat gruel-based stomach model

Table 4

Viable cell count (VCC) of Lactobacillus acidophilus in different stomach model environments

The stomach model

environment and \r/n(icl’ A (30 min-60 min)
the reaction time
Control
H,0 (3.00+0.01) -10°¢
30 min (10.70+0.61) -10°
6.60-10°
60 min (4.1£0.85) -10°
Raftiline, 4.00%
30 min (15.0+2.83) -10°
8.05-10°
60 min (6.95+1.34) -10°
Lactulose, 4.00%
30 min (9.95+1.34) 10°
2.20-10°
60 min (7.75£0.35) -10°
Maltodextrin, 4.00%
30 min (8.97+£1.79) -10°
4.04-10°
60 min (4.93+0.9) '10°
Oat gruel, 0.46%
30 min (10.67+1.15) -10°
5.67:10°
60 min (5.0£1.0) -10°

60
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Table 5

Viable cell count (VCC) of L. acidophilus and B. lactis Bb-12 in environment with different prebiotics

The strain and the stomach model environment

VCC, mL"!

Control L .acidophilus

(3.5+0.71)-107

L .acidophilus + 4.00% raftiline

L. acidophilus + 4.00% raftiline + 4.00% glucose
L. acidophilus + 4.00% raftiline + 4.00% albumin
L. acidophilus + 4.00% raftiline + 4.00% albumin + 4.00% glucose

(2.8+1.13) 107
(3.120.14) 107
(2.25+1.77) 107
(4.35+0.92) 107

Control B. lactis Bb-12

(8.9+0.14) 107

B. lactis Bb-12 + 4.00% raftiline

B. lactis Bb-12 + 4.00% raftiline + 4.00% albumin
B. lactis Bb-12 + 4.00% raftiline + 4.00% albumin + 4.00% glucose

(2.15+0.76) 107
(1.97+0.85) 107
(2.24+1.14)107

system; however, Bifidobacterium lactis Bb-12 was
slightly more resistant than Lactobacillus acidophilus
(VCC - 10° and 10° per mL correspondingly).
Growth of Bifidobacterium lactis Bb-12 and
Lactobacillus acidophilus in the stomach model
environment with raftiline, albumin and glucose
was studied. The VCC showed that both cultures,
L. acidophilus and B. lactis Bb-12, were able to
maintain their populations in different environments
(Table 5). No significant differences were observed
in the VCC after 60 min of incubation in the stomach

model water environment with raftiline (4%), and
with raftiline and one of the additives — either
albumin (4%) or glucose (4%). It was established
that L. acidophilus had slightly higher VCC after 60
min of incubation in the stomach model environment
with 4% of raftiline, 4% of glucose, and 4% of
albumin. In the same environment, the VCC of
L. acidophilus was slightly higher than that of B.
lactis Bb-12. This suggests that prebiotic effect of
raftiline/inulin might be somewhat more efficient in
an environment with glucose and albumin.

4.0
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Fig. 3. The concentration of inulin in samples of Bifidobacterium lactis Bb-12 and Lactobacillus acidophilus
grown in water solution with different concentrations of raftiline, albumin and glucose:
1 — L. acidophilus + raftiline; 2 — L .acidophilus + raftiline + glucose;
3 — L .acidophilus + raftiline + albumin; 4 — L. acidophilus + raftiline + glucose + albumin;
5 — B. lactis Bb-12 + raftiline; 6 — B. lactis Bb-12 + raftiline + glucose;
7 — B. lactis Bb-12 + raftiline + albumin; 8 — B. lactis Bb-12 + raftiline + glucose + albumin.
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The concentration of inulin in environment with
raftiline, albumin and glucose (0 or 4%) after 60-
min fermentation with Bifidobacterium lactis Bb-12
and Lactobacillus acidophilus is demonstrated in
Fig. 3. In environment with raftiline, glucose and
albumin, the most significant loss of inulin was
observed during fermentation with Bifidobacterium

lactis Bb-12, whereas inulin proved to be more
stable in albumin-free environment with glucose
fermented either with Lactobacillus acidophilus
or Bifidobacterium lactis Bb-12. Thus, in artificial
stomach model prebiotics
negatively influence the survival and growth of
probiotic bacteria.

environment may

0.06
|

Absorbance Units
0.00 0.02 0.04
1 1 1
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Fig. 4. FTIR spectra of the Bifidobacterium lactis Bb-12 biomass grown in various environments:
1 — raftiline + albumin before neutralization for 0 min; 2 — raftiline + albumin after neutralization for 60 min;
3 — raftiline + albumin + glucose after neutralization for 60 min; 4 — raftiline + albumin + glucose
before neutralization for 0 min.
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Fig. 5. The concentration of total carbohydrates and proteins in the Bifidobacterium lactis Bb-12 biomass
grown in various environments containing: ra0 and ral — raftiline and albumin after 0 min and 1 h of growth;
rag 0 and ragl — raftiline, albumin and glucose after 0 and 1 h of growth.
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The Resistance of Some Prebiotics and Probiotic Bacteria

FT-IR spectra of the Bifidobacterium lactis
Bb-12 biomass after growth in environment with
raftiline/inulin and albumin, and raftiline, albumin
and glucose were recorded, and the obtained spectra
are shown in Fig. 4. The spectra are qualitatively
similar while the intensities of absorption bands are
variable thus identifying changes in the content of
carbohydrates, proteins and inulin during the growth
of bacteria. Biomass samples were discriminated by
cluster analysis according to the composition of the
growth media and approved qualitative differences
in the carbohydrate composition (profiles in
the 870-1200 cm™ region) and the content of total
carbohydrates and proteins (variable intensities of
bands at 1040 and 1543 cm™) in biomass.

In an environment with raftiline and albumin,
the content of total carbohydrates in Bifidobacterium
lactis biomass increased nearly twice and also the
intensity of the absorption band at 1040 cm™ increased
significantly. In the spectra of the Bifidobacterium
biomass grown in with
raftiline, albumin and glucose, the content of initial
carbohydrates was higher due to the added glucose.
After 60-min growth of Bifidobacterium lactis, the
content of total carbohydrates as well as proteins
slightly decreased. In order to compare all four
samples, the spectra were normalized and integrals
of carbohydrate and protein bands were measured
(Fig. 5). The results showed that metabolism of
Bifidobacterium lactis Bb-12 cells was significantly
influenced by the growth environment, particularly
by glucose.

lactis environment

Conclusion

This study showed that in a simple stomach
model environment — water and prebiotics —, the
concentration of inulin, lactulose and maltodextrin
was stable during fermentation for 30 min. In oat gruel-
based model environment, the loss of inulin reached
28% but lactulose and maltodextrin remained stable
during 60-min fermentation. Bifidobacterium lactis
Bb-12 proved to be more resistant than Lactobacillus
in the stomach model environment with prebiotics,
oat gruel, glucose and/or albumin. Probably some
prebiotics and/or proteins can negatively influence
the survival and growth of probiotic bacteria in a
particular stomach environment.

Thus, in order to create and establish the
benefits of synbiotic foodstuffs and offer them as
valuable functional food products to the market it
is necessary to study and control the resistance and
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efficiency of prebiotics and probiotic bacteria and
their synbiotic activity/value by complex studies of
biochemical processes in variable in vitro and in vivo
environments.

The stomach model systems in vitro certainly are
very simplified as in vivo prebiotics and probiotic
bacteria interact with enzymes, microflora and other
systems of the stomach and more complex gut and
intestine environment. However, this preliminary
study showed the resistance of some prebiotics and
probiotic bacteria and indicated the necessity and
importance of subsequent studies evaluating the
inhibitory effects of different food components on
probiotic bacteria and symbiotic complexes.
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Anotacija

P&tfjuma mérkis bija noskaidrot prebiotiku — inulina, malto dekstrina un laktulozes — 4% tidens skiduma un
probiotisko baktériju Bifidobacterium lactis Bb-12 un Lactobacillus acidophilus rezistenci kunga modela
vidés. Ka vienkarsakais kunga modelis tika izmantots salsskabes tidens $kidums ar 0.46% auzu tumes filtratu
pie pH 2. Auzu tumes fermentacija ilga 15, 30 un 60 miniites ar vai bez probiotiskajam baktérijam 37 °C
temperatiira. Laktuloze un malto dekstrins Gidens vai auzu tumes vidé bija rezistentaki neka inulins. Salidzinot
ar B. lactis Bb-12, L. acidophilus koloniju veidojo$o vienibu skaits péc 60 miniiSu inkubacijas ar raftilinu,
glikozi un albuminu bija nedaudz lielaks. Kunga vides modeli ar auzu tumi B. lactis Bb-12 bija rezistentaks
par L. acidophilus. B. lactis Bb-12 un L. acidophilus biomasu paraugi tika diskriminéti, izmantojot Furjé
transformacijas infrasarkano spektru klastera analizi, lai novértetu kvalitativas atskiribas oglhidratu sastava un
kvantitativas atSkiribas kop&jo oglhidratu un proteinu daudzuma atkariba no barotnes sastava. Audzgjot B. lactis
kunga modela vidé ar raftilinu/inulinu un albuminu, tika konstatéts gandriz divkar$s biomasas palielinajums,
bet vidé ar glikozi vargja novérot pretéju efektu. Mégindajumi paradija, ka kunga modela vidés parbauditie
probiotiki ir rezistentaki par prebiotikiem.
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Personality Competitiveness: Structure and Indications in Pedagogy
Personibas konkurétspéja: struktiira un pazimes pedagogija
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Abstract. Since 2005 the authors of the article have carried out the research on “human competitiveness” in
several stages with the aim: as a result of experimental research to find out the view of the Latvian secondary
school pupils about the semantic meaning of the concept “competitiveness”, as well as the evaluation of
competitiveness features (indications) given by the youth. Latvian secondary school pupils evaluated the
following competitiveness features (indicatons) as the most significant: persistence; readiness for risk; ability
to work and respect towards work; clear aims for life/future; communicative skills; ability to be the leader; no
fear to make a mistake; creativity; skills to convince others and to defend one’s own point of view; cooperation
skills; readiness to overcome difficulties, including physical and mental endurance. In the pupils’ statements and
evaluation regarding the competitiveness, the authors have indicated the following methodological approaches:
biometrical, functional, and structural approach. Having evaluated separately the survey questionnaires of
respondents from rural and city secondary schools, the authors concluded that there is no conformity of opinions
neither in the group of rural respondents, nor in that of urban respondents. At the same time, having processed
all the obtained data mathematically on the whole (comparing the sums of the mean classes of competitiveness
indications), a conclusion was drawn that there is correspondence regarding the Latvian youth’s opinions on
the main indications of marketable personality. These results show that, irrespective of the cultural difference
between rural and urban environment, there is uniform youth’s subculture in Latvia, including uniform views,
values, behavioural norms, etc.

Key words: changeable environment; competitive personality; ecological approach; evaluation; pupils’

opinions.

Introduction

The dynamics of socially economic activities and
their growth is becoming the problem of global scale.
Many processes make us question the possibilities
of sustainable development and aims of activity.
Material values have started to dominate over the
mental values, including moral and ethical values. The
imperative of today is the balanced and sustainable
development of the environment: economic, natural
and social environment. That can be compared to a
pedagogical problem to be solved: personality and
its comprehensive and harmonious development. It
is believed in Latvia that the intelectual development
of the youth nowadays is much faster than their
moral development, the fact that makes us think
about possible dangers of such processes. Egocentric
thinking aimed at consumer-based attitudes dominates
also in the behaviour of young people thus changing
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their system of values, which in its turn has resulted
from the changing priorities not only in the society in
general but also in education.

Club of Rome: Aurellio Peccei (Gnazzo, 2007),
the founder of the world’s non-governmental
organization of scientists, emphasized an idea that
the search for the model of the world’s developmental
management should be based on the cognition that
an individual must learn to manage him/herself. The
self-regulation should be conscious, comprehended
and target-oriented. A. Peccei indicates that an
individual is in dilemma: either to change as a
personality under the changeable environment (_.), or
he/she is doomed.

The new paradigms in pedagogy: ecological
paradigm and synergetic paradigm enable to study an
individual as a self-developing, self-organizing and
self-evaluating system that functions in the sphere of
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education, learns to live, plan and forecast; constructs
and gathers its own experience; that is able to choose
and to be resposible for the consequences of its
own actions under the conditions of modern rapidly
changing environment (Katane, 2007a; 2007b).

The ecological and synergetic approaches enable
to draw the conclusion that nowadays an individual
must learn to live and change in the interaction with
the changeable environment (Katane, 2007a; Katane,
Peks, 2006; Sterling, 2002).

As a result competitiveness has become one
of the basic categories not only in economics
but also in pedagogy. Moreover, personality is
defined possessing the value which will enable it to
become a competitive and respectable personality
and a marketable specialist due to characteristic
features and competencies acquired during life. It is
important to be aware and get deeper understanding
of the new meaning of the concept which is totally
different from the old paradigm of competitiveness
and the stereotypes connected with it. All over the
world scientists (Bevan, Barber, Robinson, 1997;
Covey, 1990; Floren, 1998; Gold, Libby et al., 1997,
Hansen, 1998: Trunk Sirca, Nastav et al., 2006;
Amnppees, 2006; Mutnna, 2003; [lamosamnos, 2005;
[Mupoboxos, 2000; etc.) work out substantiations of
the concept competitiveness of personality within the
new paradigm of competitiveness and write about new
pedagogical approaches in contemporary education
and principles of human activities in modern society.

Therefore the aims of the article are the
following: 1) to substantiate the competitiveness as
one of the modern pedagogical categories, which has
significantly changed its conceptual meaning at the
turn of the 20th and the 21st century; 2) to present
the results of the experimental research, where
the authors have analysed and evaluated pupils’
opinions and positions pertaining to indications of
competitiveness.

Theoretical Substantiation of
Competitiveness in Pedagogy

The mission of pedagogy nowadays is to find
answers to the following questions: what kind of
pedagogical approach is needed in the educational
process so that the new generation would be able to
live, self-develop and self-actualize successfully under
the conditions of modern changeable environment;
how can the formation and development of every
young individual as a valuable society member and
the person’s competitiveness be promoted; how to
ensure the personality’s adequate adaptation and
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integration in the rapidly changing, heterogeneous

environment.

Anindividual’s ability to accept the environmental
changes is the important precondition to get on with
these changes. In order to ensure that the changes
become the driving forces of an individual’s self-
development, instead of being an obstacle, while
performing pedagogical activities it is indispensable
to take into consideration the following conclusions,
presented by various authors (Fulans, 1999; Smite,
2004; Z1ds, 2003).

— The knowledge on the changes should be
provided in order to prevent the disappointment,
confusion and depression.

—  The necessity for the change should be indicated,
understood, felt and experienced. Therefore the
feeling of safety should be ensured, creating the
feeling — everything that is happening is for the
better.

—  Enough time should be provided to understand
and accept the changes. It is important to be
interested in the changes, thinking about them
and feeling them. There should be the right
conditions ensuring that the idea about the
changes could be accepted as one’s own.

— The overtness towards the dialogue enables
an individual to take part in the changes in all
the possible ways. Such ways could be debate,
discussions, position, the
declaration presenting an opposition, etc.

The questions arise: How can we evaluate whether
the personality is competitive? Is she able to live and
self-actualize under the circumstances of changing
environment? How can we measure and/or evaluate
that?

Russian academician V. Andreyev
(Argpees, 2006) implemented a new concept —
concurrentology — and characterized it as the research
trend in pedagogy on an individual’s/personality’s
competitiveness.

Our research (Katane, Kalnina, 2008; 2009)
shows that there are several approaches to the
substantiation of competitiveness in pedagogy:
1) functional approach — competitiveness is
substantiated by describing the manifestations of
personality’s competitiveness, as well as readiness
for various actions, including interaction with the
external environment; 2) biometrical approach —
competitiveness is characterized as a totality of
personality’s several qualities (individual features,
competencies, other qualities), where these
qualities serve as the indicators of competitiveness;

expressing one’s
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3) structural approach — there is a structural model
of competitiveness provided, emphasizing several
components.

Functional approach. Russian  scientist
A. Kirsanov (Kupcanos, 2000) provided the
functional characterization of competitiveness
by defining competitiveness: competitiveness
is a socially oriented system of personality that
comprises abilities, features, qualities, which
1) characterize potential possibility of this
personality to achieve progress in studies,
professional or non-professional sphere of life,
2) determine adequate behavior of an individual
under the changing circumstances, and 3) ensure
internal harmony, self-confidence and confidence
about the others. According to scientist L. Mitina
(Mwutuna, 2003), who studies the problems related
to the competitiveness of a personality since the
beginning 1990s, there are at least three spheres of
the development of competitiveness: 1) sphere of
activities; 2) interaction with the external environment,
including communication with other people;
and 3) personality’s self-development, including
self-awareness and self-determination.

Speaking about the sphere of activity, it is
important that modern young people
gather different activity experience within the
educational process and as a result of these
activities — the catalogue of formed and developed
skills (A. Leontyev’s 1975)
would be as wide as possible. According to
O. Potyemkina (IToremkuna, 2004), competitiveness
manifests in activities. One of the spheres of
these activities is the professional development
of a specialist and the choice of one’s own career,
planning, forecasting of future and promotion of
career development.

Modern youth needs to acquire new socio-
economic and professional experience. In order
to become a competitive personality, it is very
important that young people acquire adequate views
about themselves and professional environment:
their abilities, interests, needs, and aims in their lives
and self-actualization opportunities in the particular
environment.

The youth professional self-determination, when
choosing the future profession is a very responsible
task. In Latvia the career education helps to fulfill this
task. This education is being integrated into the formal
and informal educational content of schools. Within
the process of career education the young people start
to understand and study: 1) their abilities, interests,

would
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needs, aims of their lives and their correspondence
to the chosen profession; 2) supply of educational
environment within the context of their professional
aims; 3) the motives, why they have chosen particular
professions. The youth of schools must know that due
to the scientific progress the world of professions is
very dynamic and changing: more and more new
professions emerge and many old professions “die”.
Many professions are topical only for 5-15 years
(Muchinsky, 2003; 3eep, 2006; Kinumos, 1996).

Thus we can draw a conclusion that youth’s
competitiveness largely depends on the choice of
profession.

Structural approach. Scientist V. Andreyev
(Anzpees, 1998; 2006) has substantiated the structure
of competitiveness by emphasizing 10 elements of
competitiveness: need and motive; applied activity;
self-organization; intellect;  volition;
moral; confidence; and communicative element of
psychological structure. L. Mitina (Mutuna, 2003)
emphasizes three elements in the structural model
of competitiveness: personality’s  progression;
competences; and flexibility — emotional, intellectual
and activities. But B. Parigin (Ilapeirun, 1994)
emphasizes the following structural elements of
competitiveness: 1)  psycho-physical element;
2) element of values, faith, internal/external
prohibitions and restrictions; 3) professional
element; and 4) element of psychological readiness
to participate in competition. V. Shapovalov
(IlIarroBamnoBs, 2005) emphasizes within the structure
of competitiveness: 1) paradigmal-prognostic
element — internal, subjective meaning and
understanding of individual’s competitiveness,
manifestation of individual perspective of behavior;
2) informative-content element — totality of
knowledge, related to “I-conception”, establishment
of strategy, of competitive behavior,
decision making, self-evaluation, communicative
and regulatory activities; 3) operational or activity
element that consists of cognitive, communicative,
regulatory etc. parameters, which determine
competitive behavior, abilities and skills; 4) element
of motivation and values that reflects personality’s
values orientation, progression towards the self-
perfection, the necessity for self-actualization, self-
confidence, self-expression, self-development; and
5) volition and emotional element, which is a totality
of features/indications, comprising responsibility,
independence, initiative, self-confidence, compassion
and self-control. As it was pointed out by the Russian
scientist E. Ionina (Monuna, 2003), competitiveness

culture;

choice
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of the young should be examined in two aspects:
1) the acquired professional competencies, and
value and competitiveness in the educational and/or
professional activities, and 2) personal qualities that
witness of readiness for life, self-development, and
self-actualization in the conditions of changing social
environment.

Biometrical approach. We will mention also
some examples of biometrical approach to the
characterization of personality’s competitiveness.
For example, V. Andreyev (Anapees, 1998;
2006) in his works has developed his model of
competitiveness, pointing out indicators that
characterize competitive personality. He emphasizes
that only the synthesis of several different features
can ensure individual’s competitiveness. Competitive
personality should be: determined, heuristic,
decisive, flexible, self-rigorous and particular
towards others, independent, energetic, respected as
an authority, optimistic, with practical experience,
principled, communicable, with leader’s abilities,
innovative, intelligent, revolutionary, reformist.
Russian scientist V. Shapovalov (Illarosaos, 2005)
emphasizes the following essential indications of a
personality’s competitiveness: intellectual potential,
self-actualization, adequate self-evaluation, self-
education, communicability, internality, moral
imperative, and ability to make responsible decisions,
orientation towards adequate values, and readiness
for professional self-determination. But O. Potemkina
(IToremxuua, 2004) emphasizes such indicators of
competitiveness, when providing substantiation of
personality’s competitiveness: values orientation;
motivation to work; peculiarities of professional’s
life (factor of experience) and reflection; readiness
for self-perfection and self-development in the field
of chosen profession by improving professional
skills on an ongoing basis. Psychologist L. Mitina
(Mwutnna, 2003), when characterizing the competitive
personality, first of all as a leader, points out the
following particularly important features/qualities:
independence, social venture (venture to express
one’s own point of view, which might be opposite
to the majority’s view, etc.), ability to risk (venture
to risk), confidence, and adequate self-evaluation.
Scientist from the University of Omsk S. Shirobokov
(IImpoboxos, 2000), who studied the problems of
competitiveness, while he lived in the USA, when
characterizing the students of pedagogy as future
marketable specialists, points out the following
indications of marketability: professional knowledge;
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level of communicative culture; aspiration for the
improvement of professional skills; reflection ability.

Indications of Personality Competitiveness:
Latvian Pupils’ Opinions and Evaluation

The diagnostic experimental research without the
researchers’ influence (Albrehta, 1998; Lasmanis,
1999; 2002) took place from 2006 to 2008 at general
secondary educational institutions of Latvia. The
aim of research: investigate, analyse and evaluate
the students’ opinion on competitive personality and
find indications of competitiveness in accordance
with our theoretical research. The respondents were
chosen from schools which are involved in the project
on the national scale “Be the Leader!”. Project “Be
the Leader!” has been offered to the Latvian pupils
since September 1, 2001. Since the development of
secondary school pupils’ competitiveness is possible
in the corresponding pedagogical environment, in
2006 the Latvia Academy of Entrepreneurship and
Management was trusted the project “Professional
Perfection Programme for the Teachers of Economics
“Commercial Studies at a Secondary School”, which
was financed from the structural funds of the European
Union (75%) and state budget (25%). There were
20 books written within the framework of the project
(10textbooks for pupilsand 10 books on methodology
issues for teachers). There was also implemented
“Professional Perfection Programme for the
Teachers in the Sphere of “Career””. The process of
teachers’ professional perfection was implemented
also in a form of several seminars. At present there
are 2450 pupils and 140 teachers involved in the
activities facilitating competitiveness. The project
“Be the Leader!” is implemented in all 26 districts
of Latvia. There are 127 schools participating in the
project: 74 city schools and 53 rural schools.

Material and Methods

The research was divided into two phases. The
first phase: the young people had to write an essay
with the task describing their notion and ideas about
competitive personality, naming at least 10 indications
of competitiveness. The result of the content analysis
of the projective essays was the list of indications of
competitiveness mentioned by not less than 50% of
the respondents; the questionnaire used during the
second phase was worked out based on the obtained
results. The second phase: inquiry was carried out
and the respondents had to arrange the indications
of competitiveness included in the questionnaire
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according to their importance, attaching the ordinal
numeral to each indicator; then the obtained data were
compiled and compared using mathematical statistics
and finally the results were analysed and evaluated
by the authors.

In the beginning of the experiment, 30 base
schools, which had been involved in the project
“Be the Leader!” for several years and had acquired
certain experience, were invited to take part in
the first phase of the research. The total number
of respondents was 498: 1) 338 respondents from
20 rural secondary schools, and 2) 160 respondents
from 9 urban schools. The proportion of the number
of students coming from rural or urban schools
characterises the whole group of participants of the
project as the main goal of the project was to involve
as many students from the countryside as possible.
The envisaged result of the project activities was
provision of competitiveness of students as regards
the choice of career and during the process of
their professional determination, formation and
development. During the second phase of the
research the choice of respondents was different:
10 of the general secondary educational
establishments that had taken part in the first phase
of the research as base schools were picked out
and agreed to participate in the second phase on
voluntary basis. In order to carry out comparative
research and ensure the objectivity and validity of
the obtained results the authors determined the
following criteria for selection of schools to be
involved in the second phase of the research: 1) equal
number of rural and urban schools; 2) representing
all four regions of Latvia — Kurzeme, Latgale,
Vidzeme and Zemgale —, as well as the capital of
Latvia Riga and Riga district; 3) member school
at least for 2 years in the project “Be the Leader!”,
taking an active part in various activities of the
project; 4) representatives from the same regions
and districts (the project “Be the Leader” member
schools come from all over Latvia representing its
26 districts).

As a result, 5 rural and 5 urban schools were
chosen and the total number of respondents
during the second phase of the research was 203:
1) 111 students of urban general education secondary
schools and 92 students of rural secondary schools.
The slight difference in the number of urban youth
was caused by the fact that there are more students
in each class in the towns or cities whereas the
number of students in rural school senior classes
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is smaller; 2) 149 respondents were females and
54 were males; 3) 111 respondents studied in
form 10, 62 respondents — in form 11, and
30 students in form 12.

The methods of the experimental research:
1) methods of obtaining data — projective essay
with the task, essay content analysis, questionnaire;
2) data processing methods — determination of
average ranges, Kendall’s Concordance Test,
Kendall’s Correlation Test and Spearman’s Range
Correlation Test, using SPSS computer programme.

Results and Discussion
Analysing the students’ essays written during the

first phase of the research the authors have found and

compiled 26 indications of competitiveness:

— clear goals for life/future;

— operational capability and enjoyment for work;

—  creativity;

— readiness for risk;

— independence and freedom of decision-making;

— being success-oriented and belief in oneself;

— lack of fear to make mistakes;

— cooperation skills;

—  perseverance;

— self-criticism and self-evaluation skills;

— time management;

— readiness to overcome difficulties, physical and
mental endurance;

—  stress resistance;

— communication skills;

— skill of individual studies;

— skill of using different sources of information;

—  skill of using one’s knowledge in extraordinary
situations;

— skill to change one’s thinking, attitudes and
actiondepending on the obtained information,
situation as well as external conditions;

— skill to insist on one’s opinion and persuade other
people;

— skill to fascinate and inspire others;

— talent of being the leader;

— desire of constant self-development;

— ability to adapt to unfamiliar environment;

— desire to improve oneself in different spheres;

— desire to achieve high results;

— need for positive evaluation expressed by
others.

Two approaches were used by the students when
formulating the characteristics of a competitive
personality, and they supplement one another:
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1) biometrical approach — paying attention to
personality features/qualities, including personal
touches, skills and abilities; 2) functional approach
when competitiveness is manifested in action,
including planning and management of one’s
activities, as well as in interaction with other people.
Analysis and evaluation of the obtained results
has led to the conclusion that the competitiveness
indicators that were mentioned by the majority of
students form the structure of competitiveness, and
it consists of three main components: 1) personality
advance component; 2) competence component; and
3) personality flexibility component.

The questionnaire used during the
phase of the research was worked out pursuant to
the results described above. The respondents had
to arrange competitiveness indications/indicators
according to their importance (starting with the most
relevant — 1 — to the least relevant one — 26).

The data obtained from all the respondents were
compiled and analysed in a way that allowed the
authors to compare the opinion expressed by students
living in cities and in the country. The average ranges
of competitiveness indications were calculated in
both the groups — rural and urban secondary school
selection groups (Table 1).

At the beginning of data processing the authors
determined whether there is the unity or similarity
of evaluation comparing the opinion of respondents
separately in urban and in rural school group. We
determined the coefficient of concordance by means
of Kendall’s Test. Since the p-value=0.934>0=0.05
and Kendall’s Coefficient of Concordance W=0.008,
the authors have come to the conclusion that there is

second
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no unity as regards the opinion about the importance
of competitiveness indications expressed by urban
school students and the evaluation differences are
great.

The results of the Kendall’s Concordance Test
toward rural pupils opinion about competitive
person/personality show that p-value=0.977>0=0.05
and Kendall’s Coefficient of Concordance W=0.004
which leads to the conclusion that there is no unity
as regards the opinion about the importance of
competitiveness indications expressed also by rural
school students. Their evaluation differences are
relevant as well.

The last task of the data processing was to
compare the sums of competitiveness indications
average ranges in both the selection groups: in urban
and in rural school respondent groups. Kendall’s
Correlation Test and Spearman’s Range Correlation
Test results give evidence that there is correlation
between the two indication sample groups: the
sums of competitiveness indications average ranges
as evaluated by urban and rural school students as
Kendall’s Correlation Coefficient W=0.785 and
Spearman’s Range Correlation Coefficient r=0.919.

That means there is no significant difference
between the opinion and ideas about personality
competitiveness and its indications expressed by
urban school students and rural school students. The
ecological approach and system approach in pedagogy
(Katane, 2007a; Sterling, 2002) help to explain this
phenomenon. We have two explanations.

1. The above approaches in educational ecology,
cultural ecology, cultural pedagogy and
culturology help to substantiate concepts

40

—&— Rural Secondary School

30
20

—— Urban Secondary
School

Sum of average range

10

0
1 2 3 4 5 6 7 8

Indications of Competitiveness

9 10 11

Fig. 1. The contingency between evaluating by both respondents’ groups: the pupils of the rural and urban
secondary schools (the most important 11 indications of competitiveness after the sums of the average range).
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of culture and subcultures, including youth
subculture (Katane, Apermane, Baltu 1te, 2007;
Dirba, 2003; 2006). Therefore despite the specific
cultural environment of urban and rural schools
we should not forget about peer or generation
subculture which includes united
characteristic to the youth. Consequently, young
people are united by the same values, norms of
behaviour, etc.

2. All respondents (from both urban and rural
schools) developed their opinion about
competitive personality in the framework of the
project on the national scale “Be the Leader!”
It means that they learned the subjects in the
framework of the common (joint) business
educational program.

The sums of average range of competitiveness
indications as evaluated by both urban and rural
school student groups give evidence that the most
important competitiveness indicators are 11, and the
respondents have chosen the following indications
(see Fig. 1): 1) perseverance; 2) readiness for risk;
3) operational capability and enjoyment for work;
4) clear goals for life/future; 5) communication
skills; 6) talent of being the leader; 7) lack of fear
to make mistakes; 8) creativity; 9) skill to insist on

subculture

one’s opinion and persuade other people;
10) cooperation skills; and 11) readiness to
overcome difficulties, physical and mental
endurance.

Conclusions

1. It is important to study the younger generation’s
understanding about competitiveness, as well as
to promote its development. The results of the
average index of competitiveness indications
according to the evaluation provided by pupils
of both urban and rural secondary schools
shows that 11 most significant indicators of
competitiveness according to respondents’ point
of view are: persistence; readiness for risk;
operational capability and enjoyment for work;
clear aims for life/future; communication skills;
ability to be the leader; no fear to make a mistake;
creativity; skills to convince others and to defend
one’s own point of view; cooperation skills; and
readiness to overcome difficulties, and physical
and mental endurance.

2. There are three approaches for substantiation
of personality competitiveness in the pupils’
opinion and evaluation: 1) biometrical approach;

LLU Raksti 24 (319), 2010; 65-75

2) functional approach; and and 3) structural
approach. Our research testifies that structural
approach is the combined approach.

The obtained results testify that: 1) there is not
concordance/unity in the evaluation provided
by the pupils of urban schools regarding the
significance of competitiveness indications;
2) there concordance/unity in the
evaluation provided by the pupils of rural
schools as well; in both cases we diagnosed
disparities.

There is a correlation between two selections
of indications: the sums of the average ranges
of competitiveness indications according to the
evaluation provided by pupils of urban and rural
schools. It means that there are no differences
between urban and rural respondents’ views
regarding the significance of competitiveness
indications which characterize competitive
person/personality, because, in spite of the
specificity of cultural environment of urban
and rural schools and peculiarities of individual
thinking, on the whole there exists a uniform
subculture of generations, including youth
subculture, with common basic values, norms of
behavior, etc.

isn’t
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Anotacija

Kops 2005. gada raksta autores vairakos posmos ir veikusas ,.cilvéka konkurgtsp&jas” petijumus ar mérki
eksperimentalo petijumu cela noskaidrot Latvijas vidusskolu jaunieSu viedokli par jedziena ,.konkur&tspgja”
semantisko nozimi, jauniesu doto konkurétsp&jas pazimju (indokatoru) izvertgjumu. Latvijas vidusskolénu
vertgjuma konkurétsp&jas visnozimigakas pazimes (indikatori) ir: neatlaidiba; sp&ja uzdrikstéties; darbaspgjas
un darba milestiba; skaidri dzives/nakotnes mérki; komunikativas prasmes; sp&ja biit liderim; nebaidisanas
kludities; radoSums; prasme parliecinat citus un aizstavet savu viedokli; sadarbibas prasmes; gataviba parvarét
grutibas; fiziska un gariga izturiba. Skolénu dotajos konkurétspgjas formuléjumos un vert€jumos autores ir
nodalijusas $adas metodologiskas pieejas: biometriska, funkcionala un strukturala pieeja. Atseviski izvertgjot
lauku un pilsétu vidusskolu respondentu aptaujas anketas, tika secinats, ka nepastav vienpratiba konkur&tspgjas
vertgjumos ne lauku respondentu grupa, ne ari pilsétu respondentu grupa. Taja pasa laika, matematiski
apstradajot visus iegiitos datus kopuma (salidzinot konkurétsp&jas indikatoru vid&jo rangu summas), varcja
secinat, ka pastav sakritiba Latvijas jaunieSu viedoklos par konkur&tsp&jigas personibas galvenajam pazimém.
Sie rezultati liecina par to, ka, neskatoties uz lauku un pilsétu kultiirvides atskiribam, Latvija pastav vienota
jaunieSu subkultiira, t.sk. vienoti uzskati, vértibas, uzvedibas normas u.c.
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Pedagogu talakizglitibas programmas realizacija
Implementation of Further Education Program for Teachers

Anita Aizsila
LLU Izglitibas un majsaimniecibas institlts
Institute of Education and Home Economics, LLU
e-mail: aizsila@llu.lv

Abstract. The twenty first century is characterized by changes in the life of society. Those changes are caused by
the process of globalization and development of science and technology, especially information technologies.
With that, the importance of education increases and becomes topical. Participation of Latvia in the global
processes of today’s world requires essential reevaluation of the aims and tasks of the educational system —
to ensure modernization of the system of education and to introduce new content and methods of education.
Those activities are related to training of the in-service teachers, to further education possibilities and to
development of new study programs that would provide competitive and flexible labor force. Therefore the
utmost attention is devoted to improvement of the teacher education and professional competency, as well as of
their social status. The aim of the research was to analyze theoretically, to test practically and to substantiate the
necessity of further education in compliance with the changing requirements of the professional competency
of the teachers. The courses of further education are designed for in-service teachers therefore the research
was based on the methodological principles of action research and case study. The acquisition of the teacher
further education program was analyzed. The theoretical research was based on the statements of Latvian and
foreign educators and psychologists on adult life-long learning and learning as a necessity for personal self-
development.

Key words: further education, life-long education.

Ievads

Divdesmit pirmais gadsimts ir raksturigs ar
parmainam sabiedribas dzive, ko ienes globalizacijas
procesi un zinatnes un tehnikas, jo Ipasi informacijas
tehnologiju, attistiba. Lidzar to muisdienas aktualiz&jas
un palielinas izglitibas nozime.

Pedagogu kompetences pilnveide ir aktuals
jautajums, jo ta aptver izglitibas un talakizglitibas
procesu un kopuma ir viens no izglitibas sisteémas

attisttbas  un  modernizacijas  nozimigakajiem
faktoriem. Tas nozimé&, ka izglitibas sist€mas
darbibas efektivitate un atdeve vispirms ir

atkariga no pedagogu sagatavotibas Itmepa un
atbilstibas darbam. Izglitiba ir viena no sabiedribas
garigas un materialas dzives kvalitates raditajiem.
Tas savukart sasniedzams tad, ja wvalstt ir
izstradata un funkciong prasibam
atbilstosa pedagogu sagatavosana un ir nodroSinatas
talakizglitibas  iespgjas. Talakizglittba Latvija
pazistama ka izglitibas turpinasana péc formalas
izglitibas

musdienu

ieguves un darba gaitu uzsaksanas.

76

Prasme papildinat savas zinasanas ir viens no
butiskakajiem  priekSnoteikumiem muzizglitibas
idejas TistenoSanai. Miisdienas arvien biezak tiek
lietots jédziens ,,sabiedriba, kas macas”, akcent&jot
macisanas nepartrauktibu visa cilvéka miiza garuma.
Atvertas izglitibas koncepcija un muzizglitiba
(life-long education, life-long learning) klist par
vienu no svarigakajam un vadoSajam nostadném
misdienu sabiedriba. Pasa nosaukuma ielikts
jédziena skaidrojums — izglitiba ka process, kas sakas
no dzimSanas un nepartraukti turpinas visu dzivi.
Tadgjadi Sajos terminos tiek ietverti formalas un
neformalas izglitibas [Tmeni un tipi un tiek integrétas
un ietvertas visas izglitibas struktiiras un pakapes pa
vertikali, horizontali un hronologiski, un visu dzives
situaciju konteksta.

Raksta apkopota  pedagogu
talakizglitibas pieredze Latvijas Lauksaimniecibas
universitate (LLU) un skaidrots, ka §1 probléma
risinata Izglittbas un majsaimniecibas instittta
(IMI). Viena no profesionalas meistaribas pilnveides

analiz€ta un
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iespgjam ir talakizglittba. Ta ir stradajosiem
pedagogiem pieejamakais un elastigakais veids, ka
regulari un sistematiski sekot jaunakajam nostadném
pedagogija.

Latvijas icklausanas muisdienu pasaules globalajos
procesos liek butiski parvertét izglitibas sistémas
mérkus un uzdevumus — nodroSinat izglitibas
sisttmas modernizaciju un panakt jauna izglitibas
satura un metodikas ieviesanu. Sie pasakumi ir saistiti
ar topoSo pedagogu sagatavosanu un talakizglitibas
iespgjam, jaunu studiju programmu izstradi, kas
nodro$inatu konkurétspéjiga un elastiga darbaspcka
attistitbu. Tad€] maksimala uzmaniba tiek veltita
pedagogu izglitibas un profesionalas meistaribas
pilnveides sisteémas attistibai, vinu sociala statusa
paaugstinasanai.

Ieklaujoties Eiropas izglitibas sistéma, Latvijas
izglitibas sistéma tiek pilnveidota, lai ta atbilstu
starptautiskajai izglitibas klasifikacijai. Tas attistiba
tieck planota saskana ar starptautiski noteiktam
pamatnostadném izglitibas joma.

lespgja iegit labu izglittbu un to regulari
pilnveidot liela mera ir saistita ar valsts izglitibas
politiku, ko ta realizé ar atbilstosu dokumentu
izstradi un, galvenais, IstenoSanu dzivé. Likumos
un normativajos dokumentos, kuri regulé izglitibu,
pieméram, LR Izglitibas likuma (1998), Izglitibas
attistibas  stratégiskaja ~ programma  (1998),
Miizizglitibas memoranda (2000, 2005), Izglitibas
attistibas koncepcija 2007.-2013. gadam (2006),
Nacionalas attisttbas plana 2007.-2013. gadam
(2006) un ilgtermina konceptualaja dokumenta
»Latvijas izaugsmes modelis: Cilvéks pirmaja vieta”
(2005) akcentéta doma par visu cilvéku macisanos
neatkarigi no vinu vecuma.

P&tijuma no visu izglitibas sistému reglament&joso
dokumentu Kklasta tika atlasiti tie, kas attiecas
uz pedagogu profesionalas pilnveides iesp&jam
talakizglitiba, ka arT uz programmu izstradi un
realizaciju.

Pedagogu talakizglitiba ir attstiba esoSs process,
ko raksturo gan muzigas vértibas, gan mainigais
saturs. Talakizglittba 1pasa uzmaniba tiek pieversta
sadarbibas prasmju attistibai, sevis apliecinasanai
un inovativu metozu apguvei. Inovativas idejas dod
relativu labumu un praktisku pielietojamibu macibu
procesa. Svarigi, lai pedagogs apzinatos un regulari
pilnveidotu profesionalitati  pasizglitibas
un talakizglitibas cela. Profesionala pilnveide
dod iespg€jas izmantot jaunas macibu metodes,
tehnologijas, veidot atbilstosu izglitibas vidi un
paaugstinat darba kvalitati.

savu
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Viens no problému risinajuma veidiem, ko Isteno
LLU Izglitibas un majsaimniecibas institdits, ir
piedavat pedagogiem apgiit profesionalas pilnveides
programmas ,,Augstskolu didaktika”, ,,Pamatkurss
pedagogija” un ,Inovacijas pedagogija”. Situacijas
izpéte norada uz témas zinatnisko aktualitati un
praktisko nozimigumu. Lai talakizglitiba sasniegtu
savus mérkus, jaizveido elastiga, jebkuram cilvékam
atbilstosa izglitibas sist€ma.

Pétijuma jautajums: pedagogu talakizglitibas
aktualitati ietekm@s izglitibas politikas valstT un
izstradato programmu piedavajums.

Peétijuma merkis: teoretiski analizet, praktiski
parbaudit un pamatot talakizglitibas nepieciesamibas
atbilsttbu arvien mainigajam prasibam pedagogu
profesionalaja kompetencé. Apzinat talakizglitibas
vajadzibu ka jaunu realitati.

Virzibai uz mérki risinati uzdevumi:

— talakizglitibas  politikas  jautdjumu izpéte
starptautiskajos un nacionalajos stratégiskajos
dokumentos;

— jédziena ,talakizglitiba” izpratnes skaidrojums
zinatniskaja literatiira;

— izstradata un aprobéta pedagogu talakizglitibas
programma ,,Pamatkurss pedagogija”;

— noskaidrots pedagogu viedoklis partalakizglitibas
nepiecieSamibu;

— izvertetatalakizglitibas piedavajumaunkvalitates
atbilstiba personibas iesp&jam un sabiedribas
vajadzibam.

Materiali un metodes

Temas izpéte balstas uz darbibas p&tijuma (action
research) metodologiskajiem principiem un metodém,
izmantojot atsevisku gadijumu izp&ti (case study).
P&tfjuma izmantots parskata analitiskais un empiriski
aprakstosais petfjuma veids. Raksta autore uzmanibu
pievérsusi pedagogu talakizglitibas programmas
apguves analizei.

Teorétisko pamatu veido arvalstu un Latvijas
izglitibas p&tnieku, pedagogu un psihologu atzinas par
pieauguso maciSanos miiza garuma un macisanos ka
personibas pasattistibas vajadzibu. Petjjuma veikSana
izmantotie avoti:

— Latvijas valdibas un Eiropas Savienibas
institiciju reglamentgjosie dokumenti, kas
saistiti ar pedagogu talakizglitibas politiku. Ar
2007. gada 1. septembri stajas spéka Ministru
kabineta noteikumi Nr. 570 ,,Vispar€jas izglitibas
pedagogu un izglitibas pedagogu
profesionalas pilnveides kartiba”. Noteikumi
izdoti saskana ar Izglitibas likuma 15. panta 14.

interesSu
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punktu, kas paredz, ka Izglitibas un zinatnes
ministrija nosaka un koordin€ pedagogu
profesionalas pilnveides kartibu.;

— humanistiskas psihologijas teorctiskas atzinas
par personibas attisttbu un pasrealizacijas

nepieciesamibu: E. Eriksons (1998),
A. Markova (Mapkosa, 1996), V. Renge
(2005);

— andragogijas teorijas: Z. Delors (2001),
T. Koke (1999), D. Liegeniece (2002),
G. Svence (2003);

— pedagogiskas teorijas - kritiskais
konstruktivisms, darbibas pieeja,
pieredzes loma jaunu zinaSanu veidoSana:
Dz. Djuijs (Dewey, 1938), D. Kolba
(Kolb, 1984), G. Krigers (Kriiger, 1987),

1. Zogla (2001);

— holisma skatfjums tiek pamatots ar E.I. Silina
(2002) idejam;

— izglitibas vadibasjaunakas nostadnes: I. Belickis
(1995), A. Broks (2000), M. Fulans (1999),

H. Gudjons (1998), A. Smite (2004);

— talakizglitibas raksturigakas
iezimes un metodes darba ar pieaugusajiem:

R. Andersone (2007), B. Lonstrupa (Lonstrup,

2002), T. Koke (1999), D. Prets (2000),

A. Rogers (1996) u.c.

P&tijums veikts laika no 2002. Iidz 2008. gadam.
Talakizglitibas programmas izveért§juma piedalijas
372 respondenti — Latvijas visparizglitojoSo skolu
un profesionalas izglitibas iestazu pedagogi. Raksta
talakizglitibas programmas vertgjums
dalibnieku skatfjuma. P&tljuma praktiskai dalai
vajadzigie dati iegiiti, Tstenojot ESF projektu
»Akadémiska personala un skolotaju kompetences
paaugstinaSana LLU”, kura vadibu veica raksta
autore.

programmu

analizéts

Pétniecibas metozu izveleé tika respektetas
kognitivas maciSanas teorijas atzinas, apkopojot
ieprieks€jo petnieku (Lonstrup, 2002; Koke, 1999;
Liegeniece, 2002; Prets, 2000 u.c.) pieredzi $aja
joma. Pedagogu talakizglitibas stratégijas pétiSanai
un kompetences paaugstinaSanas noskaidroSanai
tika izmantota autores izstradata aptaujas anketa.
Datu apstradeé un analizé izmantotas MS Excel
statistikas funkcijas, datu grup€Sanas, analizes
un sintézes pétijumu metodes. Konstruétajas
histogrammas analiz&ts dalibnieku skaits pa macibu
gadiem, vecuma struktiira un macibu programmas
vertejums.

Ar kvantitativo un kvalitativo metozu palidzibu
iegiitie dati savstarpgji cits citu papildinaja un
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veidoja pilnigaku priekSstatu par p&tamo rezultatu.
Secinajumi izdariti, pielietojot logiski konstruktivo
metodi.

Rezultati un diskusija

Sabiedribas dziveé notieko$as parmainas butiski
ietekmé ar1 izglitibas sferu. Ja ve€lamies veidot
sabiedribu, kura macas un kura pieaugusajiem ir
nodroSinatas iesp&jas macities miiza garuma, tad
izglitibai ir jabiit kvalitativai un pieejamai ikvienam
Latvijas iedzivotajam. Konkurétspgjigu valsts
attisttbu var nodrosinat kvalitativa izglitiba un taja
iesaistito specialistu saskanota riciba, kuri ieguvusi
tadu maciSanas pieredzi, kas lauj vispusigi vertét
situaciju un brivi un adekvati rikoties. Izglitibas
mérkis ir radit ikvienam cilvékam iesp€jas veidoties
par garigi un fiziski attTstitu, brivu un atbildigu radosu
kultiiras personibu (LR Izglitibas likums, 1998).

Aktuala probléma ir pedagogiskas izglitibas
kvalitate. Skolotajiem ir jamaina sava domasSana,
japilnveido kompetence, lai audzinatu atbildigu,
radoSu, mactties spgjigu jauno paaudzi. Mactties
sp&jiga sabiedriba nevar pastavét bez macities
sp&jiga skolotaja (Fulans, 1999). Formalaja izglitiba
ieglitds zinaSanas un prasmes noveco arvien atrak.
Misdienas neviens vairs nevar cerét, ka skolas gados
uzkratas zinasanas pietiks visam miizam. Doma, ka
izglitibas procesam ir jaturpinas visu miizu, nav jauna.
Sabiedribas attistibas v@rieni liek arvien nopietnak
pieversties talakizglitibas jautajumam un meklet
optimalakos risinajumus, ka organiz&t un nodrosinat
mizizglitibas iesp&jas visplasakajam cilveku lokam
(Koke, 1999). Izglitiba vairs nav attiecinama uz
kadu konkrétu vecuma posmu. Palielinas cilvéka
vajadziba sevi bagatinat, kas ir pamats personibas
pasrealizacijai. Informacijas un jaunu tehnologiju
laikmeta strauji mainas ar1 pedagoga profesionalas
darbibas specifika. Arvien biezak pedagogi sastopas
ar situaciju, kad iegita izglitiba ir nepietickama,
lai pilnvertigi ieklautos misdienu dzives aprité.
Izglitibas nakotni liela méra noteiks tas, kada bis
valsts izglitibas politika, kads bis izglitibas prestizs
sabiedriba un cik zinosi un radosi biis pedagogi.
Nakotne biis sabiedribai, kas macisies (Delors, 2001).
Rodas aktuala nepiecieSamiba pilnveidot macibu
saturu, ka arT metodes, kuras ir saistitas ar cilvéka
gatavibu pilnvertigai dzivei, ar sp€ju pielagoties
mainigajai pasaulei un uz personigas pasizpausmes un
profesionalas kompetences bazes sekmét sabiedribas
attistibu. Jaunie apstakli izglitiba prasa no pedagoga
pétniecisko darbu un atbilstosu kompetenci, ka art
pedagogiskas darbibas kreativitati.
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Pozitivi vertg§jams profesionalas pilnveides
programmu piedavajums pedagogu talakizglitibai.
Janem véra, ka programmas ir ar dazadu stundu
skaitu un macibu ilgumu. Pieauguso izglitibas
koncepcija noradits, ka talakizglitibas galvenais
mérkis ir nodro$inat iespSju paplasinat zinasanas
un prasmes atbilstos$i individualajam interesém,
vajadzibam, iepriek§ iegilitajam
izglittbas Itmenim (Nacionalas izglitibas ...,
2000). Pedagogs ir reglamentéta profesija valsti,
un valsts nosaka prasibas izglitibai, kvalifikacijai,
profesionalajai meistaribai un tas pilnveidei.

Valsts dokumentos un normativajos aktos
ir uzsvérta izglitibas nozime ka garants zinatnu
ietilpigas tautsaimniecibas attistibai. CilvEkresursi
ir lielaka wvalsts bagatiba. Cilveku izglitoSanai
ir jabut ikvienas nacijas galvenajai prioritatei
(Lisabonas stratégija, 2000). Skaidri formuléta ar1
nepiecieSamiba pilnveidot izglitibas sistemu, kas
veicinatu uz zinaSanam balstTtas, demokratiskas un
sociali integrétas sabiedribas attistibu.

Kadam jabut izglitibas saturam un ta realiz€Sanas
procesam, lai varétu veidoties sabiedriba, kura visu
mizu macas un kura spgj uznemties atbildibu?
Zinatnieks E. Silin§ (2002) norada, ka atverta pasaule
ir ta, kura katra tauta var sevi apliecinat tik liela méra,
cik lielu ieguldijumu ta spgj dot kopgjai kulttrai un
cik var palidzget citiem ar savu pieredzi un resursiem.
Latvijas izglitibas politika, kas ir viena no valsts
politikas prioritatém, tiek izveértétas pedagogiskas
attiecibas un to attistiba no izglitibas mérku, satura,
realizacijas apstaklu, to iedarbiguma efektivitates un
rezultativitates viedokla. Neskatoties uz realizétajam
reformam izglitibas sfera, pedagogiska prakse ir
pretrunu pilna. Pedagogu talakizglitiba ir vairakas
neatrisinatas problémas:

— visos regionos pedagogiem nav lidzveértigu
iesp&ju iesaistities talakizglitiba;

— jakoording talakizglitibas programmas;

— pastav pretruna starp izglitibas funkcijam
un pedagogu faktiskajam
vajadzibam.

Talakizglitibas mérkis ir profesionalo zinaSanu,
prasmju un kompetences pilnveidoSana formalaja
vai neformalaja izglitibas sistema (Pedagogijas
terminu ..., 2000).

Veiksmigu izglitibas parmainu pamata nav tikai
sp&ja ieviest jaunas piecjas un metodes, bet arl
sp&ja mainities pasiem pedagogiem. Pedagogiem
sevi jauzskata par prasmigiem parmainu dinamikas
nesgjiem, kuri sp& nepartraukti attistities un
pilnveidoties, lai nodrosinatu konkurgtsp&jigas

vecumam un

interesém un
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izglitibas attistibu. Prioritarie izglitibas reformu
virzieni ir izglitibas
efektiva resursu izmantoSana, izglitibas pieejamibas
nodro$inasana un institucionala attistiba (Izglitibas
attistibas ..., 1998).

Pedagoga profesija ir viena no komplicétakajam
un atbildigakajam profesionalas darbibas jomam, jo
tiesi vina darbs ietekmé daudzu cilveéku dzivi, vertibu
orientaciju un vélmi pasrealizeties.

Pedagoga  profesionalitates  veidoSanas  ir
sarezgits process, ko ietekmé teor€tiskas zinasanas
un praktiskas darbibas vienotiba. P&c zinatnicka
D. Kolba pétijumiem, pieaugusa cilvéka macisanas
process sekm@ un nodroSina optimalai maciSanai
nepiecieSamas spéjas, t.i., pieredzes realizéSanu
un bagatinaSanu, noverosanu, kas balstas uz
refleksiju, abstraktu jédzienu veidosanu, aktivu
eksperimentésanu (Kolb, 1984).

Apzinoties, ka maciSanas ir individa iek$gja
darbiba, kas saistita ar informacijas uztveri, tas
jégas un vertibas apzinasanos, rosinot individuali
originalas domasanas un macisanas prasmes attistibu
un zinasanu praktisku pielietojumu, izglitibas procesa

kvalitates paaugstinasana,

ir svarigi aktualiz&t un rast lidzsvaru starp zinasanu
apguvi, darbibas prasmju apguvi un personibas
pasapzinas un pasaktualizacijas pilnveidi.

Cilvékam ir ticksme paSaktualizéties, kas motive
maciSanos. Jaunas pedagogiskas un psihologiskas
pieredzes apgliSana ir personisks process, kura
nozimigu vietu iepem sadarbibas un pieredzes
pedagogija. Pamatojoties uz Dz. Djaija (Dewey,
1938) noraditajiem savstarpgjas sadarbibas un
nepartrauktibas principiem ka galvenajiem pieredzes
veidoSanas pamata, var secinat, ka jaunas zinasanas
veidojas uz pieredzes pamata, pievienojoties jau
esoSajam Mijiedarbibas attiecibas
starp individu un vidi simboliz€ pieredzes divas
nozimes. Viena ir subjektiva, personiga, kas attiecas
uz individa ieksgjo stavokli, otra — objektiva, kas
veidojas vides ietekmé&. Mijiedarbiba ar apkartgjo
vidi individa ick$gjas attistibas potences tick rosinatas
un darbinatas, lidz tas iegiist neatkarigu attistibas
sniegumu (Dewey, 1938).

P&c vacu pedagoga G. Krigera (Kriiger, 1987)
teorijas, profesionalas pedagogiskas kompetences
struktlira viens no svarigakajiem komponentiem ir
priek$meta kompetence — prasme saistit macibu vielu
ar dzivi, praksi un teoriju.

Misdienas daudz tiek diskutets par pedagoga
kvalifikaciju, akadémisko un profesionalo kompetenci
un jaunu kadru piesaistiSanu izglitibas institlicijam
(Mana skola ..., 2004).

zinasanam.
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Izglitibas  paradigmas mainas  apstaklos
(Belickis, 1995)  jaizverS un  jaaktivizg
talakizglitibas darbs. Tadel tiek izstradatas
programmas un  darbojas  dazadi  kursi,
seminari, nodarbibu cikli. Misdienas

izglitibas programmu izstrade ir loti dinamiska
un sp&j dot pedagogiem praktiskus un efektivus
padomus, jo pieredzi, kas
maciSanas un maciSanas procesa ir uzkrata
pedéjo gadu laika. Ta ir diskusija par teor&tisko
un metodisko prick§metu saméru
pedagogu talakizglitibas programmas. Lai izveidotu
programmas, japarzina attiecigo zinatnpu nozaru
attisttba un jaizpeta sabiedribas vajadzibas, ka
arT japiemit sp€jai sajust laikmeta parmainas
(Andersone, 2007).

iepazistina  ar

studiju un

Pedagogijas terminu skaidrojo$aja vardnica
(2000) jedziens ,,izglitibas programma” definéts
sadi: tas ir izglitibas sist€mas organizacijas
pamatdokuments,  kas  atbilstosi  izglitibas

pakapei, veidam, mérkgrupai un valsts izglitibas
standartam un attiecigiem normativiem nosaka
izglitibas iestades piedavato izglitibas saturu, ta
apguves procesa nosacljumus un nodro$inajumu,
pamatojoties uz viet€jo vajadzibu un apstaklu izp&ti
un to mainas iespgjam.

Talakizglitibas programmas iepazistina
klausitajus ar jaunakajam atzinam pedagogija,
psihologija, izglitibas filozofija, dazadam darba
metodém, jaunakajam tehnologijam, macibu
prick§metu novitatém u.c. jautajumiem. Par svarigu
cilveka dzives mérki tiek uzskatita zinasanu
apguve, domasanas izkopSana, darboSanas,
izaugsme, pieredzes bagatinaSana un cilvéka pasa
esamiba. D. Prets (2000) uzskata, ka par cilveka
izaugsmes galveno virzitajspeku tiek uzskatitas
savstarp¢jas attiecibas un par visieteicamako macibu
veidu — tieS$a personiska pieredze. D. Prets nodala
Cetrus izglitibas programmas veidosanas galvenos
virzienus.

1. Kultiras transmisijas virziens, kas uzsver
tradicionalas akadémiskas disciplinas.

2. Socialais virziens, kas akcent& politiskas un
socialas parmainas.

3. Individualas pilnveides virziens, kas uzsver
personibas izaugsmi, pasSizpausmi un cilvéku
attiecibas.

4. Feministiskas pedagogijas virziens, kas norada
uz taisnigaku lidzsvaru starp dzimumu atskiribu
raksturojumiem un interesém (Prets, 2000).
P&tot izglitibas programmu veidoSanas virzienus,

jasecina, ka izglitibas programmas ,,Augstskolu

Merkis un uzdevumi /
The aims and tasks of the
education program

Prasibas attieciba uz
ieprieks iegiito izglitibu /
Requirements in relation

to backgrund education

legiitas izglitibas vertesanas
kritériji un kartiba /
Requirements for assessment of
the acquired education

Izglitibas programmas
izglitojosais saturs /
The content of the
education program

Programmu 1stenosanu laiks
un planojums /
The time and planning of
implementation of the program

e

Programmu isteno$anai
nepiecieSamo Iidzeklu
novertgjums /
Assessment of the means
necessary for implementation
of the program

\

1. att. Izglitibas programmas elementi.
Fig. 1. Elements of education programs.
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2. att. Dalibnieku skaits.
Fig. 2. The number of participants.

didaktika”, ,,Pamatkurss pedagogija” un ,,Inovacijas
pedagogija”, ko Tisteno LLU Izglitibas un
majsaimniecibas institiits, veidotas péc individualas
pilnveides virziena prasibam, kas uzsver personibas
izaugsmi, cilvéku attiecibas, pasSizpausmi un ir
saskanotas ar dzives situacijam un pakartotas
klausttaju gatavibai macities.

Zinatnieks V. Voigts (Voigt, 1975) norada,
ka izglitibas programmas ir visaptvero$a macibu
meérku, satura, metoZzu, materiala un Iidzeklu,
macibu organizacijas un kontroles sistéma. Savukart
A. Rogers (1996) izglitibas programma akcente
vides nozimi, kura notiek macisanas.

Misdienam aktuali izglitibas
vadlinijas  atrodami  UNESCO
dokumentos, kur noteikts,
programma  bitu
macities, ka apglt zinaSanas, patstavigi
piekliistot informacijai; iemacities inovativi
rikoties,  pielietojot apgiitas  zinaSanas un
prasmes; rikoties  atbildigi un  patstavigi,
veicot dazadas lomas un funkcijas sabiedriba;
iemacities sadarboties sabiedriba; radit
vajadzibu péc nepartrauktas izglitibas
(Delors, 2001).

Pamatojoties uz zinatnieku atzinam
(Andersone, 2007; Delors, 2001; Koke, 1999;
Kriiger, 1987; Liegeniece, 2002; Prets, 2000
u.c.) par talakizglitibas programmu izstradi un
saturu, raksta autore secina, ka talakizglitibas
programmas LLU izstradatas atbilstosi izglitibas
normativo  dokumentu  prasibam. Pedagogu
talakizglitibas programmas tiek veidotas noteiktai

orientieri un
izstradatajos
ka katra izglitibas

ietverami  pieci  aspekti:
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ieprieks
saturs

mérkauditorijai  atbilsto$i  klausitaju
ieglitajai  izglitibai, un programmas
tick  orientéts uz  klausTtaju  vajadzibam
(Aizsila, 2004a).

Izglitibas programmas ir saistits ar
izglitibas  programmas mérki un
uzdevumiem, bet svarigs faktors ir klausitaju
ieprieks iegiita izglittba, ka arl1 programmas
planotais norises laiks un zinaSanu vertéSanas
kriteriji (1. att). Sabiedribas attistibas tendences
nosaka  nepiecieSamibu  izstradat  zinatniski
pamatotu, uz ilgsp&jigu attistibu veérstu pedagogu
talakizglitibas sistemu (Aizsila, 2004b).

Izglitibas sistéma stradajosSiem ir iesp€ja
papildinat savas zinaSanas, macoties talakizglitibas
programma “Pamatkurss pedagogija”. Dalibnieku
sastavs analizéts seSos macibu gados — no
2002./2003. 1idz 2007./2008. (2. att.). Atbildiba
par profesionalas meistaribas pilnveidi tiek
prasita no pasiem pedagogiem, jo vini ir izglitibas
reformu Tstenotdji. Pedagogi ir tie, kas organize
pedagogisko  procesu. Tadél, lai mainitu
pedagogisko procesu, jamainas pasiem
pedagogiem. Skaitliskie dati liecina (2. att.), ka
vislielakais dalibnieku skaits programmas apguve
bija 2003./2004. un 2005./2006. m.g., ko var
izskaidrot ar parmainam likumdos$ana par pedagogu
izglitibu, t.i., no 2004. gada 1. janvara izglitibas
iestades stradajosiem skolotdjiem bija vajadzigs
atbilstoss  augstako  profesionalo  izglitibu
apliecinoS$s dokuments, kas dod iesp&ju stradat
skola, vai arT viniem bija jamacas attiecigajas
programmas.

saturs
1zvirzito
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3. att. Dalibnieku vecuma grupas.
Fig. 3. The age groups of participants.

Dalibnieku sastava analize procentos liecina
(3. att.), ka zinasanas papildina augstskolu tikko
absolvgjusi specialisti (19%). Ir pieaudzis jauno
skolotaju skaits, kuri vélas padzilinat zinasanas
pedagogija un pétijumu metodologija (Aizsila,
2006). Puse talakizglitibas programmas dalibnieku
ir vecuma no 30 Iidz 49 gadiem. Izprotot jaunas
nostadnes pedagogija, programmas apguveé iesaistas
aricienijama vecuma pedagogi (9%). Statistisko datu
analize rada, ka no talakizglitibas kursu dalibnicku
kopskaita 66% ir sievietes. Joprojam pastav sievieSu
dominante skolotaju vidd.

Katru gadu tiek veikta talakizglitibas daltbnieku
anonima aptauja, lai noskaidrotu dalibnieku vélmes
un pilnveidotu macibu saturu un metodes (Aizsila,
2004b, 2006). Kursu dalibniekiem 2006./2007.
macibu gada bija jaatbild uz anketas jautajumiem

Metodika /
Methodology
11%

Didaktika
Didactics
28%

par programmas IstenoSanas lietderibu un javerte
docetaju darbs (1. tabula). Respondentiem
vajadzgja izdarit izvéli 4 limenos — augsts, labs,
pietickams un nepietickams. Rezultatu analize
rada, ka visaugstak tika vertéts programmas
apguves un mérka lietderigums  (90%).
Talakizglitibas programmas dalibnieki uzskata,
ka macibu saturs atbilst mérkim un planotajam
rezultatam (55%) un macibspeki ir kompetenti
un spgj reagft atbilsto$i macibu situacijai
(augsts [Tmenis — 55%, labs — 35%).

Apkopojot anketas izteiktas respondentu domas
par macibu priekSmetu nozimigumu, pirmaja
vieta ir novértéta pedagogija (34%), otraja vieta —
didaktika (28%), un tresaja — psihologija (4. att.).
Respondenti uzskata, ka visas t€mas programma
bija aktualas un lietderigas un ieguvé&ji bija

Pedagogija /
Pedagogics
34%

Psihologija
Psychology
27%

4. att. Talakizglitibas kursu dalibnieku vert€jums pa macibu priekSmetiem.
Fig. 4. Teaching subject assessment by participants of further education courses.
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1. tabula / Table 1

Skolotaju talakizglitibas programmas istenoSanas vertéjums
(kriteriju novertgjums procentos)
Assessment of implementation of teacher further education program
(criteria assessment in per cent)

Vertesanas kriteriji / Assessment criteria

Vertgjuma limenis™* /
Assessment level*
A L P N

1. Programmas mérkis un saturs / The aim and content of the program

1.1. Mérka lietderigums / Effectiveness of the aim

1.2. Saturs atbilst mérkim un planotam rezultatam /

90 10 - -
55 35 10 -

The content complies with the aim and the planned result

1.3. Labakie macibu priekSmeti / The best courses

Pedagogija / Pedagogy 65 15 - -
Psihologija / Psychology 50 15 - -
Didaktika / Didactics 45 20 - -
Macisanas metodika / Teaching methods 20 5 - -
2. Nodarbibas / Sessions
2.1. Organizacijas formas, metozu un panémienu lietderigums / 40 50 10 -
Forms of organization, effectiveness of methods and techniques
2.2. Laika izmantoSana / Usage of time 50 30 20 -
2.3. Tehnisko lidzeklu nodrosinajums / Technical means 45 20 35 -

2.4. Macibu telpu piemérotiba nodarbibu vajadzibam /
Suitability of classrooms for the needs of sessions

45 40 15 -

3. Programmas un nodarbibu vaditaji / Programs and teachers

3.1. Kompetence un sp&ja reaget atbilstosi macibu situacijai / Competency and 55 35 10 -
ability to react in accordance with the teaching situation

3.2. Macibu priek§metu nozimigums / Importance of the courses 50 45

4. Mijiedarbiba starp dalibniekiem un programmas istenotajiem /

Interaction among the participants and teachers
4.1. Sadarbibas un savstarp&jo attiecibu kvalitate /
Quality of co-operation and mutual relations
4.2. Tesp€jas savstarpgji bagatinaties pieredze /
Possibilities of enriching mutual experience

25 65 10 -

45 45 10 -

* — A—augsts / high; L —labs / good; P — pietieckams / sufficient; N — nepietieckams / insufficient.

ka programmas dalibnieki, ta macibspeki. Ka
ierosinajumu respondenti ieteica vairak stundas
veltit pedagogisko pétjjumu metodém. Aptaujas
rezultati paradija jaunus akcentus, kam bitu
japievers Ipasa uzmaniba skolotaju talakizglitiba.
Talakizglitibas kursu dalibnieki
papildina atbilstoS§i savam velmém un iespgjas
macities mekl€, pamatojoties uz iek$gjo un argjo
motivaciju. Par to liecina programmas dalibnieku
talakas studijas magistrantira un doktorantara.
Teor&tiskas zinasanas un profesionalas prasmes
attistas, pilnveidojoties pieredzei. Dalibnieku

zinasanas

LLU Raksti 24 (319), 2010, 76-85

vidii var nodalit vairakus profesionalas darbibas
kvalitativos ITmenus: iesac&ja limenis, kompetences
Iimenis, lietpratibas Itmenis un ekspertu Iimenis
(Zogla, 2001).

Pedagogu talakizglitibas programmas veidotas,
pamatojoties uz pedagogu vajadzibu apzinasanu,
analizi un izpéti, tom&r pieauguso macibas jaievero
vairakas bitiskas iezimes: talakizglitibas dalibnieki
sevi apzinas ka patstavigu, paSapzinigu personibu;
vinu dzives pieredze ir svariga; viniem ir izteikta
motivacija un vélme macibu procesa risinat aktualas
problémas un sasniegt noteiktus mérkus, un apgttas

&3



A. Aizsila

Pedagogu talakizglitibas programmas realizdacija

zinasanas pielietot praksg; macibu darbibu determing
laika, sadzives, profesionalie un socialie faktori.

Talakizglitibas kursu dalibniekiem, ierodoties uz
kursiem, ir diezgan skaidra koncepcija par to, ko vini
vElas uzzinat macibu laika. Vini cenSas parbaudit
savu lidzSin€jo pieredzi un vé€las parliecinaties,
vai jauniegiitas prasmes noderes darba. P&tjjuma
gaita iegiitie dati liecina, ka talakizglitibas kursu
dalibniekiem ir liela interese par inovativo metozu
izmantoSanu macibas un vini ir veérsti uz jaunu
prasmju apguvi un problému risinasanu.

Praktiska darba pieredze rada, ka profesionalas
pilnveides  programmas ir  pieprasitas un
nepiecieSamas, jo pedagogi  apzinas
profesionalas pilnveides vajadzibas. Uzskatu, ka
jaieklausas pedagogu velmes péc talakizglitibas
janodro$ina  to
realizacijas iesp&jas tuvak dzives vietai un tuvak
pasutitajam.

Sabiedribas attistibas tendences

savas

programmu pieprasjjuma un

liecina, ka
palielinas pieprasfjums péc cilvékiem, kuri ir
sp&jigi uz izaugsmi un ir pietickami elastigi, lai
atrastu savu vietu mainigaja pasaulé. Vienlaicigi
valstT ir jabiit nodro$inatam nepartrauktas izglitibas
iespgjam visplasakaja meroga un spektra. Izglitibas
kvalitate ir tieSi atkariga no pedagoga darba
rezultatiem. Pilnv@rtiga un apzinata maciSanas miza
garuma nodro§ina personibas rezultativu darbibu
profesionalaja joma, ka arT individa un sabiedribas
dzives kvalitates paaugstinasanos.

Pamatojoties uz vairaku gadu pétijumu pieredzi,
apgalvot, ka daudzi talakizglitibas
programmu dalibnieki apzinas, ka dinamiskas
parmainassabiedribaizvirzaaizviendaudzveidigakas
un sarezgitakas prasibas pedagogiem, kas liek
aktualizét talakizglitibas nepiecieSamibu izglitibas
joma.

ir iemesls

Secinajumi

1. Dzives straujais attistibas temps prasa arl
nepartrauktu  profesionalas  kvalifikacijas
paaugstinasanu.  Pedagogu  talakizglitiba

nevar biit vienreizgjs pasakums, jo modernas
tehnologijas attistas loti strauji, tapéc ir svarigi
pilnveidot talakizglitibu ka muzizglitibas
sistémas sastavdalu. STs sistémas pamata jabiit
sadarbibai starp visam ar talakizglitibu saistitam
institicijam, sakot ar Izglititbas un Zinatnes
ministriju un beidzot ar pasiem pedagogiem.

2. Pedagogu profesionalas pilnveides programmas
LLU Izglitibas un majsaimniecibas
institiita veidotas, balstoties uz pedagogu
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vajadzibu apzinaSanu, analizi un izpé&ti.
Talakizglitiba klist mobilaka un intensivaka,
un taja cilvéka vecumam ir relativs raksturs
(9% talakizglitibas dalibnieku ir cienjama
vecuma pedagogi ar liclu darba stazu un
pieredzi, un 19% veido dalibnieki vecuma no
20 1idz 29 gadiem).

Risinams ir jautajums par ilglaicigu un
pectecigu pedagogu profesionalas pilnveides
sist€émas izveidi ne tikai augstskolas ietvaros,
bet ari visa valsti. Ta ka pétijums veikts uz
vienas augstskolas (LLU) bazes, ta rezultatus
nevar uzskatit par reprezentativiem valstij
kopuma. Tomér tas dod iesp&ju aktualiz&t
dinamisku zinasanu, prasmju, atticksmju, sp&ju,
vertibu un personibas Ipasibu kombinaciju
pedagogu profesionalas darbibas istenoSanai
talakizglitibas ietvaros.

Pagaidam nodro§inatas  vienlidzigas
talakizglitibas iesp&jas visiem pedagogiem,
jo pastav disproporcija starp pilsétu un lauku
pedagogu iesaisti talakizglitibas programmas.
Viens no izglitibas politikas veidotaju
uzdevumiem ir nodro§inat nemitigu atbalstu
pedagogu profesionalitates pilnveidei un aktivai
lidzdalibai taja.

NepiecieSamiba paaugstinat izglitibas kvalitati
ir saistita ar pedagogu iesaistiS8anos dazados
nacionalos un starptautiskos projektos, un
tas prasa tadas jaunas prasmes, kadas agrak
nebija aktudlas. So prasibu sekmigai izpildei
japamatojas uz  pedagogu  pétnieciskas
darbibas un problému risinasanas prasmém un
atbildibu par savas profesionalitates nemitigu
pilnveidi, ko sekm@ iesaistisanas talakizglitibas
programmu apguvé (90% respondentu augstu
verte talakizglitibas lietderibu).

Lidzsingja pieredze liecina, ka talakizglitibas
programmas iesaistito dalibnieku skaits ir
pietickams, tas motivé pedagogus profesionalai
pilnveidei, paplasina sadarbibu un prot piesaistit
un izmantot Eiropas Sociala fonda finansialo
atbalstu.
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Teacher Education for the Sustainability of
Rural Cultural Environment in Latvia
Skolotaju izglitiba lauku kultiirvides ilgtspéjibai Latvija
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Institute of Education and Home Economics, LLU
LLU Izglitibas un majsaimniecibas institits
e-mail: Irena.Katane@inbox.lv

Abstract. In order to ensure a balanced and sustainable development of the varied environment of Latvian
schools, the prospective teachers should be ready to integrate into the varied cultural environment of Latvian
schools. The education of prospective teachers should be based on ecological approach, which ensures the
ecological perspective and an opportunity for students to develop their ecological competence. Ecological
competence is one of the most important components for the teachers’ readiness for their professional activities.
In the study year 2008/2009 there was a pilot research performed on a separate case (case study) within a
framework of a particular programme “Home Environment and Information Technologies in Education”
with the participation of the 4th (final) study-year students of pedagogy studying at the Institute of Education
and Home Economics (IMI) at the Latvia University of Agriculture (LLU). The aim of the research was
to find out the choice of students as prospective teachers regarding their future workplace in the cultural
environment of a rural/urban school, as well as to identify the factors influencing this choice. A questionnaire
was developed where the respondents had to answer questions related to the choice of the environment for their
future professional activities on the basis of their previously obtained experience. The research showed that
LLU IMTI’s prospective teachers, having acquainted themselves with the cultural environment of urban and
rural schools, are ready to work in the cultural environment of any school where a new teacher is welcomed,
taking into consideration the specificity of the particular cultural environment.

Key words: ecological approach, cultural environment, rural school, sustainable development of Latvian
schools, teacher education.

Introduction

Nowadays the educational environment of
schools is characterized by its heterogeneous
nature. One of the priority activities carried out by
representatives ofthe Institute of Educationand Home
Economics of the Latvia University of Agriculture
(LLU IMI) is facilitation of sustainable development
of rural schools, providing the rural areas with
educated specialists in the field of education. In
order that a balanced and sustainable development
of the varied environment of Latvian schools is
ensured, the prospective teachers, when starting their
independent professional activities, should be ready
to integrate into the environment of any Latvian
school. In our case, the environment is considered
to be all the conditions and factors which affect
the organism, or even a whole organism system
throughout its life or existence. The modern concept
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of environment encompasses all surrounding reality
(Capra, 1996).

Nowadays, under the conditions of crisis, when
the problem of the sustainability of rural educational
environment has become particularly topical in
Latvia, it is important to perform research in the field
of professional education of teachers, taking into
consideration the future perspective in the educational
content (Katane, Kruglija, 2009; Roga, 2008; Salite,
2002).

Lately it has been possible to observe a decrease
in the number of teachers in Latvia, including the
number of new teachers, which exposes to danger
the sustainability of schools (particularly the
sustainability of rural schools). Our observation
proves that until now sufficient attention has not
been paid to the readiness of the new teachers to
integrate into the educational environment of any
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school, where a new specialist is welcomed. One of
the problems is the provision of rural schools with
new specialists: 1) not all young people are ready
to live and work in the countryside, integrating into
the educational and cultural environment of a rural
community and a rural school; 2) the specificity of
small rural schools does not allow to provide the new
specialists with a full workload (21 classes a week)
in their specialty. According to the authors’ point of
view, the sustainable development of rural schools
mostly depends on the readiness of prospective
teachers to: 1) work at rural schools, 2) live and work
in the rural area of any region of Latvia, 3) become
active members of the school staff by participating in
the strategic planning, elaboration of the conceptions
and programmes for the sustainable development of
schools and local society (community), forming their
own civic viewpoint and participating in social and
cultural activities (Latvijas Statistika ... , 2010). It is
very important that a teacher, working at a rural school,
is creative, selfless and ready to take upon him/herself
additional duties, because the rural schools in Latvia
are transforming into multifunctional centres now.
The new teachers should be able to show initiative, to
take upon themselves the risk of changing something
in their lives and to adapt to changes, improving their
professional skills on an ongoing basis. They should
feel the call and be aware of their mission to facilitate
the sustainable development of rural areas.

Students should learn to think in conformity
with their new, social role to be acquired during the
pedagogical practice — a teacher; they should clearly
understand educator’s tasks and functions, the range
of which has significantly broadened nowadays
within the context of sustainable development. The
main aims of the students as the prospective teachers’
pedagogical practice are: 1) development of systemic
ecological thinking, 2) successful integration into
the educational environment of a comprehensive
school, and 3) formation and development of the
competences necessary for the teacher’s professional
activities. The process of formation and development
of competences takes place in the educational
environment of a school as an interaction system.

Ecological approach in teacher education
facilitates formation of a friendly attitude towards
a school as an educational environment, including
pupils and their parents, teachers, various other
specialists, and people employed at school. This
friendly attitude, in its turn, promotes mutual
understanding, respect and co-operation, including
joint actions, the basis of which is the prospective
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teacher’s psychological readiness and readiness

for professional activities. During the pedagogical

practice, students should develop reflection skills
at the level of meta-cognition in order they could
adequately view, develop and evaluate themselves as

an integral part of the educational environment of a

school, the subject of an interaction system.

In order to facilitate the achievement of these
aims, we have a mind to point that it is important
to respect the basic principles of environmental
education (cited in: Disinger, 1993; Palmer, 1998) in
teacher education (Katane, Kruglija, 2009).

— Education about environment. The students
should acquire knowledge about the diverse
cultural environment of the schools of Latvia and,
at the same time, to be aware that the educational
environment of Latvia is an integral part of global
multicultural educational environment, but each
school in Latvia (both city and rural schools).

—  Education in There should
be offered opportunities for professional
development of prospective teachers in the
diverse school environment, acquainting them
with peculiarities of the cultural environment
of city and rural schools within the context
of cultural and historical regions of Latvia
(Kurzeme, Latgale, Vidzeme, and Zemgale).
This would enable obtaining diverse pedagogical
experience already during the study period.

—  Education for environment. In relation to the
students as prospective teachers there should
be facilitated: the formation of an insight into
the sustainable development of educational
environment and its preconditions, aims and
objectives; the development of friendly attitude
towards the school environment; the balance of
ego-centrism and eco-centrism in the prospective
teachers’ thinking and pedagogical activities;
readiness to integrate into the school environment,
where the new specialist is expected, irrespective
of the fact, whether the school is situated in
Kurzeme, Latgale, Vidzeme or Zemgale, in a
city or a rural area, thus ensuring the qualitative
performance and sustainable development of the
school.

The result of an ecological approach in teacher
education is the formed ecological competence of each
student. Ecological competence is an interdisciplinary
concept and is studied in different fields: ecological
competence in biology and environmental science
(Weller, Thomashow et al., Pierson, 1992); ecological
competence in economics (Dobers, Halme, 2009);

environment.
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ecological competence in engineering (Beder, 1994);
ecological competence in social sciences (DeBerry,
Scarr, Weinberg, 1996); ecological competence in
pedagogy (Katane, Kruglija, 2009; Roga, 2008;
J3satkoBckast, 3axaeOnbiii, 2008, 2009).

Ecological competence in pedagogy provides
teacher’s readiness to the professional activity
and successful integration into varied cultural
environments of schools, considering their
specificity.

Therefore the necessity for the integration of
environmental education and career education
becomes more and more topical for the education
of prospective teachers. The psychological and
social readiness of prospective teachers depends on
their ecological competence and values orientation,
which influences the attitude towards rural areas.
In the teacher education, including organization
of pedagogical practice at Latvian schools, it is
important to apply ecological approach, which, during
the practice, provides students with an opportunity to
obtain knowledge, as well as pedagogical experience
in the varied educational and cultural environment
of schools, including rural schools. It is important to
substantiate scientifically and to show the ecological
perspective in teacher education, which has already
become an important precondition for the sustainable
development of rural educational and cultural
environment. Ecological approach should become the
imperative in the education of new educators for the
ensuring of sustainable development of rural areas.

The aim of the research was to find out the choice
of students as prospective teachers regarding their
future workplace in the cultural environment of a
rural or an urban school, as well as to identify the
factors influencing this choice.

The hypothesis of the research: the prospective
teachers, studying at LLU IMI, are ready to work in
the cultural environment of any school, where a new
teacher is welcomed if they have acquainted with the
cultural environment of urban and rural schools.

Materials and Methods

The object of the research: the prospective
teacher’s readiness for their professional activity
in the cultural environment of various schools. The
research type: separate cases study.

Methods of data collection: survey, reflection on
students’ pedagogical experience.

Methods of data mathematical processing:
Friedman test, Lambda test, Goodman and Kruskal
tau test, and Cramer’s V test.
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The base of the research: the 4th (final) study-
year students as prospective teachers (in total:
15 respondents) at the LLU IMI.

Results

In the study year 2008/2009, a pilot research on
a separate case (case study) was performed within
a framework of a particular programme “Home
Environment and Information Technologies in
Education” at LLU IMI. The programme is unique
due to the fact that during the study period students
acquire two qualifications — a teacher of household/
home economics and a teacher of information
technologies. The research allowed diagnosing the
readiness of prospective teachers (the 4th year students
of pedagogy studying at the LLU) to integrate into
the varied environment of Latvian schools.

The authors of the research were interested in the
following research problems: What is the specific
weight of choices of rural schools being preferred
by prospective teachers as their future workplaces?
1) the cultural
environment of a school, chosen as a future
workplace, and the place of residence in childhood
and youth; 2) the cultural environment of a school,
chosen as a future workplace, and the cultural
environment of a school, where the student has
studied in the childhood and youth; 3) the cultural
environment of a school, chosen as a future workplace,
and the cultural environment of a school/schools,
where the student has had the pedagogical practice
during the study period?

There was a questionnaire developed for the
purposes of survey, where the respondents had
to answer questions related to the choice of the
environment for their future professional activities
on the basis of their previously obtained experience,
while living, studying and working in the rural and/
or urban cultural environment. It should be added
that during the research, the prospective teachers had
already obtained their first experience of professional
activities during their pedagogical practice (practice
of observation, assisting and teaching).

The results of the research performed by the
authors shows that 31% of prospective teachers are
ready to start their pedagogical activities at rural
schools, explaining that with the positive pedagogical
and psychological environment at small rural schools,
as well as the individual approach to the education of
pupils, which is difficult to implement in the forms
of the large number of pupils at urban schools. It
is our point of view that the important fact is that

Is there a correlation between:
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Fig. 1. The prospective teachers’ choice of their future workplace and the factors influencing it.

19% of respondents were ready to be very flexible

regarding their choice, because they answered

that they could similarly integrate into the cultural

environment of rural and urban schools. It should be

admitted that 50% of respondents from the students

of pedagogy at LLU would like to work only at urban

schools (Fig. 1):

—  56% of respondents were born and lived in the
countryside;

— 31% of respondents had studied only at rural
schools;

— at the same time only 13% of respondents chose
rural schools as the place for their practice.

But 31% of prospective teachers chose only urban
schools as the place for their practice.

A conclusion can be made that the 4th year
students of pedagogy at LLU have obtained different
experience as prospective teachers. It is the authors’
point of view that it is the obtained experience,
including knowledge about environment, skills of
adaptation to and integration into the environment,
and the corresponding attitude towards the rural
and/or urban cultural environment, which allow
comparing and performing a correct evaluation of the
advantages and disadvantages of the specificity of the
particular environment and facilitate the development
of the prospective teachers’ ecological competence.
The fact that students of LLU IMI have different
experience is proved also by the results obtained
during our research (Fig. 1):

LLU Raksti 24 (319), 2010; 86-93

— 38 % of all respondents in their childhood and
youth have lived in the countryside and in a
city;

—  50% of respondents, before they entered the
higher educational establishment, had studied at
both rural and urban schools;

—  during their study period, 56% of students had
practice at both rural and urban schools.

As it was mentioned above, important aspects for
professional development of the prospective teachers
are: the insight into the school environment obtained
within the lifetime, as well as the insight into the rural
and/or urban cultural environment, which is closely
related to the students’ life and work experience
obtained ina particular environment. When answering,
whether the students have sufficient knowledge on the
specificity of rural and urban cultural environment
to perform the choice, based on competences and
experience, 38% of respondents recognized their
knowledge to be good, 50% of respondents pointed
out that they possess more sufficient than insufficient
knowledge, but 12% of respondents admitted that
their knowledge is insufficient (Fig. 2).

We were also interested in the students’ self-
assessment of their knowledge on the specificity
of rural and urban cultural environment (Fig. 2).
Unfortunately, only 12% of the respondents
confirmed that their knowledge is good. Majority of
respondents — 56% — had doubt and were not so
sure, providing the answer that their knowledge is
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Fig. 2. The students’ self-estimation of their knowledge on urban/rural cultural environment’s specificity.

rather sufficient (more sufficient than insufficient).
Unfortunately, we found out that 24% of students
considered their knowledge to be insufficient to
make the informed choice regarding their future
workplace.

After the primary processing of the data,
obtained during the research, secondary processing
of data was performed to acquire the concluding
statistics.

The research problem was as follows: is there a
correlation between the indices of the specific weight
indications of the cultural environment of students’
chosen future workplace and: 1) those of the cultural
environment of the previous place of residence,
2) those of the cultural environment of the previous
educational establishment (a school), and 3) those of
the cultural environment of the schools of students’
pedagogical practice?

For the processing of data, the Friedman test was
applied to compare the metric scale (indices of the
specific weight indications). The obtained results
(Table 1) prove that there is a correlation between
the indices of the specific weight indications of the
cultural environment of students’ chosen future
workplace and: 1) those of the cultural environment
of the previous place of residence, 2) those of the
cultural environment of the previous educational
establishment (a school), and 3) those of the
cultural environment of the schools of students’
pedagogical practice.
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The data were processed also by means of other
methods. It was necessary to find out whether there
is a correlation between the selection of indications
of the students’ preferable cultural environment
of future workplace and: 1) that of the cultural
environment of the previous place of residence,
2) that of the cultural environment of the previous
school, and 3) that of the cultural environment of
the schools chosen for pedagogical practice during
the study period.

In order to compare the nominal scales
of two related selections of indicators, the
following nonparametric methods were applied:
Lambda test, Goodman and Kruskal tau test, and
Cramer’s V test.

The obtained results (Table 2) prove that there
is no direct correlation between the selection of
indications of the students’ preferable cultural
environment of future workplace and: 1) that of
the cultural environment of the previous place of
residence, 2) that of the cultural environment of the
previous school, 3) that of the cultural environment
of the schools chosen for pedagogical practice
during the study period.

There emerges the question, why there are
contradictions between the results, obtained by
means of different data processing methods.
The explanation is as follows.

The results of Table 1 prove only that the
indices of the specific weight of students from

LLU Raksti 24 (319), 2010, 86-93



I Katane, S. Kruglija

Teacher Education for the Sustainability of Rural Cultural Environment

Results of the Friedman test

Table 1

Selections of indications to be compared

Obtained results

Indices of the specific weight indications of the cultural environment of
previous place of residence —

Indices of the specific weight indications of the cultural environment of
chosen future workplace

p-value=0.564>0=0.05

Indices of the specific weight indications of the cultural environment of
previous educational establishments —

Indices of the specific weight indications of the cultural environment of
chosen future workplace

p-value=1.000>0=0.05

Indices of the specific weight indications of the cultural environment of
the schools of pedagogical practice —
Indices of the specific weight indications of the cultural environment of

p-value=0.564>0=0.05

chosen future workplace

Table 2
Results of the Lambda test, Goodman and Kruskal tau test, and Cramer’s V test
lecti £ indicati D . h
Selections of indications to be ata processing methods Obtained results
compared by SPSS
Cultural environment of previous Lambda p-value=0.472>0=0.05
place of residence — Goodman and
. -value=0.173>0=0.
Preferable cultural environment of Kruskal tau p-value=0.17326=0.05
future workplace Cramer’s V p-value=0.173>0=0.05
Cultural environment of previous Lambda p-value=0.704>0=0.05
educational establishment — Goodman and
- = >0=
Preferable cultural environment of Kruskal tau p-value=0.445>0=0.03
future workplace Cramer’s V p-value=0.381>0=0.05
Cultural environment of the schools Lambda p-value=0.404>0=0.05
of pedagogical practice — Goodman and
- = >q=
Preferable cultural environment of Kruskal tau p-value=0.108>0=0.03
future workplace Cramer’s V p-value=0.138>0=0.05
the countryside and/or cities, corresponds to the These results allow concluding that the

indices of the specific weight of choices made by
students regarding their future workplaces (the
indices of the specific weight of the chosen future
workplaces — rural and/or urban schools). But is
does not indicate that the same students, originally
from the countryside, would definitely all return to
the countryside. This information is provided by the
research results (Table 2). The second example of
the result explanation is that not all respondents,
who had graduated urban schools, chose urban
schools to be their future workplaces, because a part
of them would like to work in the countryside. But
instead of them, the young people who had studied
at both rural and urban schools would return to the
urban schools as teachers.

LLU Raksti 24 (319), 2010, 86-93

4th year students have made a free and informed
choice based on competences, regarding their
future workplace. This choice was facilitated by
their experience obtained during the lifetime,
school-time, and during the pedagogical practice.
The young people, who expressed a desire to work
at rural schools, have made their choice being
aware of advantages and disadvantages of rural
environment and living in the countryside, they
have been aware of their inner self-developmental
and self-realization potential and the
opportunities existing for this purpose in the
rural environment, as well as they have been
ready certain difficulties while
living in the countryside.

to overcome
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Within the context of their sustainable
development, rural schools should consider that,
while implementing career education, they should
educate their pupils to become the prospective
teachers at rural schools. Particular attention should
be paid also to the local patriotism and responsibility
for the preservation and further sustainable
development of region.

Discussion

The main aims of the students as the prospective
teachers’ pedagogical practice are: 1) development
of systemic ecological thinking, 2) successful
integration into the educational environment of
a comprehensive school, and 3) formation and
development of the competences necessary for the
teacher’s professional activities. The process of
formation and development of competences takes
place in the educational environment of a school as
an interaction system.

When educating the prospective teachers, the
university teaching staff should base this educational
process on ecological approach, which allows
implementing the principle of balance between
ego-centered and eco-centered thinking and
activities (Capra, 1996; Vaines, 1990) in the teacher
education (Salite, 2002). Our point of view is that
taking account of this principle in the teacher
education allows balancing individual goals, needs
and future career plans of the students, studying at
different study programmes of LLU (including the
students of pedagogy), with the rural community’s
developmental goals concerning its cultural
environment, the community’s needs and the plans
concerning the sustainable development of rural
cultural environment.

Ecological approach towards education of
prospective teachers would facilitate adaptation and
integration of the young people, who originally are
from cities but are getting ready to become teachers
at rural schools, into the environment of rural
schools.

Our research proves (Katane, Kruglija, 2009)
that readiness of the prospective and new teachers
to start their professional activities and to integrate
into the diverse environment of schools considerably
depends on the ecological competence. Our point
of view is that ecological competence is one of the
most important components of the teachers’ readiness
for their professional activities within the cultural
environment of a particular school.

Ifthe prospective teacher has developed ecological
competence and is motivated to work as a teacher,
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it is easier for him/her to adapt to and integrate into
the rural cultural environment of a school and local
rural community. Ecological competence will help
the prospective teacher to form the view that the
rural school is an integral part of a particular rural
community’s Thus there
will be developed thinking and the corresponding
performance, which would be oriented towards:
1) I within a rural school, instead of I and a
rural school; 2) I within the rural community,
instead of I and the rural community.

cultural environment.

Conclusions

1. The prospective teachers’ choice regarding
their workplace is influenced by
several factors: 1) experience, obtained in the
previous life and educational environment;
2) experience, obtained during the study
period, including the professional practice in
a (rural and/or urban) school environment; 3)
ecological competence, including knowledge
on the rural and urban community and school
cultural environment, perfected during the
study period.

2. There is no close correlation between the above
mentioned two groups of factors, but it is indirect
or mediated. It is because the previously obtained
experience is acquired within the framework of
a pupil’s and/or a student’s social role; besides,
each individual possesses a very subjective,
positive or negative experience. It is important
that the influence of the experience and insight,
acquired during the school-time, on the students’
view concerning the rural or urban schools
had diminished, when they were the 4th year
students.

3. The prospective teachers-respondents,
during their study period, have acquired
good and sufficient knowledge on rural and

future

urban cultural environment and schools.
Therefore it was ecological and professional
(pedagogical) competence that most

considerably influenced the choice of the
4th year students of pedagogy regarding their
future workplace, because during the research
they started to identify themselves with the
teacher’s profession and to assess the potential
of their professional development, to plan
their career and to evaluate its possibilities in
a particular cultural environment, to be aware
of their mission and to feel their inner call
for performing the educator’s functions in the
rural and/or urban environment, to evaluate
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professionally the advantages and disadvantages
of a rural and urban school environment.

The authors find it to be a positive fact
that 69% of respondents (the prospective
teachers) are ready to work at
schools in Latvia.

rural
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Anotacija

Lai nodro$inatu Latvijas skolu daudzveidigas vides Iidzsvarotu un ilgtsp&jigu attistibu, toposiem skolotajiem
ir jabut gataviem integréties Latvijas skolu daudzveidigaja kulttirvidé. Toposo skolotaju izglitibai ir jabalstas
uz ekologisko pieeju, kas paver ekologisko perspektivu un iesp&jas studentiem attistit un pilnveidot ekologisko
kompetenci. Ekologiska kompetence ir viens no svarigakajiem topo$o skolotaju gatavibas profesionalai darbibai
komponentiem daudzveidigaja skolu kultirvidé. 2008./2009. studiju gada tika veikts atseviska gadijuma
pilotp&tijums, kura piedalijas Latvijas Lauksaimniecibas universitates Izglitibas un majsaimniecibas institiita
(LLU IMI) 4. kursa pedagogijas studenti. P&tjjuma merkis bija noskaidrot studentu ka topo$o skolotaju nakamas
darba vietas izvéli, ka arT So izveli ietekm&josos faktorus. Tika izstradata aptaujas anketa ar jautajumiem, kas
bija saistiti ar respondentu profesionalas darbibas vides izvéli nakotng, balstoties uz ieprieks iegiito pieredzi.
Peétfjums liecinaja, ka LLU IMI toposie skolotaji, iepazinusi gan pilsétas, gan lauku skolu kultirvidi, ir gatavi
stradat jebkura skolu kultarvide, kur gaida atnakam jaunu skolotaju, ieverojot noteiktas kultirvides specifiku.
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biezums — ‘2 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 att€la sakas ar attéla numuru, tad seko
nosaukums, kas atklaj vai raksturo att€la redzamo, un tad
attela lietoto ciparu, simbolu atSifr&jums. Attéla nosaukums
un visi paskaidrojumi taja tulkojami arT anglu valoda.
Formulas

Formulas jaraksta MS Equation programma. Formulas teksta
raksta atseviska rinda pa vidu. Formulas numuré, 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 meérvienibas
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, 1963).
Literatiiras saraksts darba beigas janoformé alfab&ta
kartiba, atseviSkus darbus pierakstot $adi: 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, pp. 35-40;
gramatas — Lauksaimniecibas ilgtermina  investiciju
kreditésanas programma. (2001) LR Zemkopibas ministrija,
Riga, 20 lpp.; gramatu nodalas — Carrey, E. A. (1989)
Peptide mapping. In: Protein Structure. Creighton, T. E.
(ed.) ILR Press, Oxford, pp. 191-224.; INTERNET resursu
apraksts — Veselibu noteicosie faktori. Vide ka dzivibas un
veselibas resurss: http.://www.liis.lv/vid_ves/faktori.htm —
Atsaucém teksta jasakrit ar literatliras saraksta minétajiem
avotiem, un tiem jabut publiski pieejamiem.

Finals

Recenz&to un attiecigi papildinato manuskripta pédgjo
versiju autors(i) elektroniska veida kopa ar izdruku iesniedz
tehniskajam redaktoram.

Tikai preciza visu iepriek§ minéto prasibu ievéro§ana sekmes
sagatavoto manuskriptu atraku publicéSanu.

Atkapes no So noteikumu prasibam pielaujamas, ieprieks
saskanojot ar LLU Rakstu redkolégiju.
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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 Peétnieciba: Raksti un publikacijas: LLU Raksti.
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