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M. Ausmane, |. Melngalvis  Augsnes pamatapstrades minimalizacija. II1. Sejumu nezalainibas izmainas

Augsnes pamatapstrades minimalizacija augseka
II1. Sejumu nezalainibas izmainas
Minimalization of Primary Soil Tillage in Crop Rotation
III. The Changes in Weediness of Sowings

Maija Ausmane, Indulis Melngalvis
LLU Augsnes un augu zinatnu institiits, e-pasts: Maija.Ausmane@llu.lv
Institute of Soil and Plant Sciences, LLU, e-mail: Maija. Ausmane@]Ilu.lv

Abstract. This is the third article on the mineralization of primary soil tillage in crop rotation studies in Latvia
and is devoted to weediness of cereals (see also Proceedings of LLU, No. 13 (308), 2005). The article compares
the responses of weeds to cereals in a long-term tillage trial established in 1982. The research results of the
years of 1994-2002 are analyzed. Four systems of primary soil tillage in a six-field crop rotation are compared:
1 — plough tillage — conventional ploughing 0.22-0.24 m deep annually under cereals; 2 — ploughing 0.22—
0.24 m deep after second year of clover + timothy use (prior to winter wheat), and 0.10-0.12 m deep in the
following three years prior to spring cereals; 3 — ploughing 0.10-0.12 m deep prior to winter wheat, oats and
spring barley, and 0.22—0.24 m deep prior to spring barley with undersown clover and timothy; and 4 — annual
ploughing 0.10-0.12 m deep. The objective of the trial was to study the effect of primary tillage at different depth
on the distribution of weeds. It was established that annual deep ploughing is not always necessary in fertile

sandy clay loam soils without high infestation of perennial weeds in a six-field grain—grass crop rotation.
Key words: depth of ploughing, cereals, weeds, crop rotation.

levads

Rakstu s@rija analiz&ti rezultati, kas iegiiti, veicot
petijumus par augsnes apstrades minimalizacijas
iespgjam Latvijas Zemgales zonas apstaklos
(skat. arT: LLU Raksti Nr. 13 (308), 2005). Tresais §Ts
s€rijas raksts veltits s€jumu nezalainibas pétljumu
rezultatu apkopojumam. Augsnes apstrade ietekmé
s¢jumu fitosanitaro stavokli, seviski nezalainibu
(Krogere u.c., 2005). Savukart s€jumu nezalainiba
ir nozimigs faktors, kas ietekm€& agrofitocenozes
produktivitati, ka arT vides aizsardzibu. To galvenokart
nosaka s€jumos sastopamas nezalu sugas, to attistibas
un izplatibas apstakli. Vides aizsardzibu ietekmé
kimiskas un mehaniskas nezalu ierobezoSanas
intensitate (Velykis, Satkus, 2000).

Nezalu izplatibu ietekmg€ vairaku faktoru kopums:
meteorologiskie apstakli, kimisko augu aizsardzibas
lidzeklu lietoSana un citas augkopiba pielictotas
tehnologijas. Augsnes apstradei ir daudzveidiga
ietekme uz s€jumu nezalainibu. S&jumu nezalainibas
variacijas un to ierobezosanas iesp&jas atkarigas no
izveletas augsnes apstrades sist€émas, kam par pamatu
ir augsnes apstakli un audzgeto kulttiraugu un izplatito
nezalu sugu biologiskas Tpatnibas (Radosevich et al.,
1997). Latvijas un citu valstu zinatnieki norada, ka
tradicionala augsnes apstrade ir loti energoietilpiga
un darga, tapec tiek pétitas dazadas augsnes apstrades
minimalizacijas  iespgjas, pieméram, arSanas
aizstasana ar lobiSanu.

Latvija atrodas mérena klimata josla, kura sekmigi
aug un attistas daudzas nezalu sugas, kas rada zinamu
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risku plasi izmantot augsnes apstrades minimalizaciju
(Vilde, 1999).

Pasaulé veikti plasi p€tijumi par augsnes
apstrades minimalizacijas ietekmi uz s€umu
nezalainibu. Novérots, ka minimalas augsnes
apstrades rezultata savairojas dazadas daudzgadigo
nezalu sugas. Ta veicina agru nezalu s€klu dig§anu
pavasarl (Aldrich, Kremer, 1997). Atsakoties
no aramkartas apverSanas vai arot sekli, notick
nezalu s€klu uzkrasanas aramkartas virsslani, kas
veicina nezalu sadigSanu (Pierce et al., 1994). No
virsslant izbiruSajam un palikusajam nezalém 80%
ir sadigusas jau nakamaja gada (Tottman, Willson,
1996). Seklu sadigSana un s€klu krajumi augsné
atkarTgi no augsnes struktiiras, kas ietekmé seklu
digsanai nepiecieSamo faktoru nodroSinajumu.
Dazadu sugu nezalu séklam prasibas péc Siem
faktoriem var but atSkirigas. Ja aramkarta netick
apversta, dzilakajos slanos tomér atrodamas
digtsp€jigas nezalu s€klas. Ir noverots, ka lielakais
vairums nezalu séklu sadigst no 0 lidz 0.05 m
dzilumam. Katru gadu arot viena dziluma, péc gada
seklas atkal tick uznestas virskarta, kur tas digst
(Radosevich et al.,1997).

Pedgja laika centieni minimaliz&t augsnes apstradi
Lietuvaunlgaunijaparadija,kaaugsnespamatapstrades
minimalizacijas rezultata, t.i., ilgstosi aizstajot arSanu
ar lobiSanu 0.12-0.14 m dziluma, palielinas nezalu,
ipasi daudzgadigo, skaits s€jumos (Maiksteniene,
2000;  Velykis, Satkus, 2006; Lauringson
et al., 1999; 2000; Stancevicius et al., 2000).
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Krievijas Nemelnzemes Centralaja  rajona
iekartotajos petijumos konstatéts, ka arSanas aizstasana
ar lobisanu 0.08-0.10 m dziluma, izmantojot $kivju
darbarikus, ir palielinajusi Tsmiiza nezalu skaitu 1.5
un daudzgadigo nezalu skaitu 2.7 reizes, pat lietojot
herbicidus, lai gan jaatzimé, ka tika lietots ne visai
efektigs herbicids — 2.4-DA. Citos izméginajumos
arsana 0.28-0.30 m dziluma parmainus augseka ar
lobisanu, izmantojot skivju lobitajus, ir devusi labus
rezultatus. Salidzinot dazadus augsnes pamatapstrades
variantus, konstatéts, ka tas minimalizacija bitiski
neietekm@ Tsmiiza nezalu skaitu (ITlynonun, 1988).

Petijumos, kas veikti Kanada, konstatets,
ka minimala augsnes apstrade var izmainit
agrofitocenozes nezalu sugu sastavu. Tas var bit
pielietoto herbicidu vai augsnes apstrades rezultata
izmainitas augu augSanas vides efekts. Liela ietekme
ir arT meteorologiskajiem apstakliem (Derksen et al.,
1993). P&c Anglijas petnieku atzinadm augseka ar lielu
ziemas kvieSu Ipatsvaru, minimalas augsnes apstrades
variantos, krasi palielinajies kerainu madaras (Galium
aparine L.), tiruma veronikas (Veronica arvensis L.)
un loznu varpatas (Elytrigia repens (L.) Nevski)
daudzums (Staddton, 1982).

Lai gan literatira ir saméra daudz informacijas
par augsnes apstrades minimalizacijas iesp&jam,
tomer ta iegiita krasi atSkirigos augsnes un klimata
apstaklos. Minimaliz&jot augsnes pamatapstradi
dazadas augsekas, palielinas nezalu skaits, seviski
daudzgadigo. Kopuma zinatnieki uzskata, ka arSanu
var aizstat ar seklaku augsnes pamatapstradi labi
iekultiveétas no daudzgadigajam nezalém brivas
augsnés, nepazeminot kultiraugu razibu.

Darba mérkis: skaidrot smaga puteklu smilSmala
augsnes pamatapstrades minimalizacijas iespgjas
Latvijas Zemgales zonas apstak]os.

Pétijjumu apstakli un metodes

Vieta un laiks. Stacionars lauka izm&ginajums
tika iekartots 1982. gada (toreiz LLU Zemkopibas
katedras izm&ginajumu lauka) R. Krogeres vadiba.
Petijumu apstakli un metodes aprakstitas $is rakstu
s€rijas pirmaja dala (skat.: LLU Raksti, Nr. 13 (308),
2005: 18.-25. lpp.). [zméginajumu lauka ,,Péterlauki”
ir lesivéta briinaugsne, smags puteklu smilSmals
uz slokSpu mala. Agrokimiskie raditaji pirms
izméginajuma ierikosanas bija sadi: pH, , — 7.0-7.4,
P,O, un KO (pé&c Engera-Rima) — attiecigi 130-
150 un 120-145 mg kg, organiskas vielas saturs —
16.0-18.0 gkg ' (p&c Tjurina). 2003. gada P,O, un K, O
saturs bija 97-100 un 104111 mg kg, organiskas
vielas saturs — 19.1-19.8 g kg, pH vértiba nav
mainijusies. Lauks — lidzens, drenéts, daudzgadigo
nezalu — maz.

Ta ka raksta autori M. Ausmane un I. Melngalvis
$im pétniecibas darbam pievienojas 1994. gada, tad

raksta apliikoti p€tijumu rezultati laika posma no
1994. lidz 2002. gadam. Devigu gadu pétijumi par
labibu s&jumu nezalainibu seslauku augseka aplikoti
divos periodos: 1994.-1996. gads un 1997.-2002.
gads. Sakotar 1997. gadu, izm&ginajumos tika ieviests
vel viens variants, t. i., augsekas rotacijas perioda
veica arSanu, augsni katru gadu tikai lobija 0.10-0.12
m dziluma. Secinajumi pamatoti ar devinu gadu
(1994.-2002. g.) petijumos iegltajiem rezultatiem.
5inaj shéma un metodika.
Izm&ginajuma laika un telpa izversta specializéta
labibu augseka ar divgadigu abolina + timotina
izmantoSanu (turpmak — daudzgadigie zalaugi):

1) daudzgadigie zalaugi, 1. izmantoSanas gads;

2) daudzgadigie zalaugi, 2. izmantoSanas gads;

3) ziemas kviesi;

4) auzas;

5) vasaras miezi;

6) vasaras miezi ar daudzgadigo zalaugu pasgju.

Salidzinatas 4 augsnes pamatapstrades sisteémas
augseka (varianti).

1. TIkgad@jaarsana(0.22—-0.24 mdziluma (kontrole)
(AAAA).

2. ArSana 0.22-0.24 m dziluma vienu reizi
rotacija (6 gados) péc daudzgadigajiem
zalaugiem, pargjos laukos ta aizstata ar 0.10—
0.12 m dzilu lobisanu, lietojot lemeSu lobitaju
vai arklu (ALLL).

3. Tapat ka 2. varianta, arSana 0.22-0.24 m
dziluma vienu reizi rotacija, bet ta veikta pirms
daudzgadigo zalaugu s€jas (miezi ar zalaugu
pas€ju) (LLLA).

4. Tkgadgja lobiSana 0.10-0.12 m dziluma (sakot
ar 1997. gadu) (LLLL).

Izm&ginajums ierikots se$os atkartojumos, varianti
sakartoti divas rindas. Augsekas lauku lielums —
0.5 ha, laucinu izméri — 18 x 6 m.

Izméginajumos lietota  agrotehnika un
agrometeorologiskie apstakli aprakstiti rakstu
s€rijas pirmaja dala (skat.: LLU Raksti, Nr. 13 (308),
2005: 18.-25. lpp.) (Krogere u.c., 2005). Labibu
s€jumos izméginajumu laika gaita pa gadiem lietoti
dazadi herbicidi divdigllapju nezalu ierobezoSanai:
dialens (dikamba, 34.2 g I''; 2.4-D, 342 g 1) —
2.0 1 ha', bazagrans 480 (bentazons, 480 g 1) —
3.0 I ha'!, lontrels (klopiralids, 300 g I'') — 0.2 1 ha™!,
granstars (metil-tribenurons, 750 g kg") — 0.01 kg ha™!
+ virsmas aktiva viela citovets.

Sakot ar 1997. gadu, péc daudzgadigo zalaugu
novakSanas un nezalu ataugSanas lietoti raundaps
(glifosats, 360 g 1) — 3.0 1 ha'! — vai citi glifosata
preparati.

Ka redzams izm&ginajumu shéma (1. tabula), visas
labibas augseka neatrodas vienlidzigos apstaklos.
Pirms ziemas kvieSu s€jas 1. un 2. varianta tika
veikta 0.22—0.24 m dzila arSana, un 3. varianta tie s&ti
3 gadus nearta, tikai lobtta laucina. Tacu, ta ka ziemas
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1. tabula / Table 1

Izméginajumu shéma
The scheme of investigations

Augseka / Augsnes pamatapstrades varianti /
Crop rotation Treatments of soil primary tillage
1. AAAA 2. ALLL 3.LLLA 4.LLLL
1. Vasaras miezi + A L A L
daudzgadigas zales /
Spring barley + grasses
2. Daudzgadigas zales, 1. g. / — - - —
Grasses of 1st year
3. Daudzgadigas zales, 2. g. / — - - -
Grasses of 2nd year
4. Ziemas kviesi / A A L L
Winter wheat
5. Auzas / A L L L
Oats
6. Vasaras miezi / A L L L
Spring barley

A — arSana 0.22-0.24 m dzili / ploughing at the depth of 0.22-0.24 m
L —lobisana 0.10-0.12 m dzili / ploughing at the depth of 0.10-0.12 m

kviesi augseka izvietoti péc abolina un timotina
mistra un abolin$ ar saknu sist€ému irdina augsni, un
zalaugi stabilizg augsnes struktiiru, tad salidzinajuma
ar citam labibam tie atrodas augsekas labakaja vieta.
Turpretim vasaras miezi 2. varianta séti 2 gadus un
3. varianta — 5 gadus péc kartas nearta, tikai lobita
augsné. Lidzigi tas sakams par auzam. Vasaras miezi
ar daudzgadigo zalaugu pasgju 1. un 3. varianta s&ti
arta, tacu 2. varianta — 3 gadus tikai lobita augsné.

Lai vertétu augsnes pamatapstrades dziluma
samazinaSanas izraisitas s€jumu  nezalainibas
izmainas, izm&gindjumos veikta nezalu uzskaite,
noteiktas to sugas, biologiskas grupas, skaits un
gaissausa masa. Nezalu skaits izm&ginajumos noteikts
divas reizes vegetacijas perioda. Pirmo reizi — labibu
cerosanas stadija, pirms herbicidu smidzinasanas, péc
skaita metodes, nosakot nezalu skaitu, gab. m?, otro
reizi — pirms razas novaksanas, izmantojot skaita un
masas metodi un nosakot nezalu skaitu, gab. m?, un
nezalu gaissauso masu, g m=.

Rezultati un diskusija

Nezalu sugu ipatsvara analize radija, ka s€jumos
domingja augsnes apstakliem un labibam raksturigas
sugas. Atzim&jamas biezak sastaptas ismiiza nezales
— sartas panatres (Lamium purpureum L.), tiruma
veronikas (Veronica arvensis L.), darzu v&jagriki
(Polygonum convolvulus (L.), kerainu madaras
(Galium aparine L.), baltas balandas (Chenopodium
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album L.) u.c., mazaka skaita — parastas virzas
(Stellaria media (L.) Will.), ganu plikstini (Capsella
bursa-pastoris  (L.) Medic.), tiruma pavirzas
(Anagallis arvensis L.), tiruma atraitnites (Viola
arvensis Murray), tiruma sinepes (Sinapis arvensis
L.) u.c. Daudzgadigas nezales galvenokart parstaveja
loznu varpatas (Eytrigia repens (L.) Nevski), tiruma
usnes (Cirsium arvense (L.) Scop.), arstniecibas
pienenes (Taraxacum officinale Web. agg.), tiruma
mikstpienes (Sonchus arvensis L.), tiruma kosas
(Equisetum arvense L.) un tiruma titeni (Convolvulus
arvensis L.).

Labibu cerosanas laika vidgji visas labibas no
nezalu kopskaita konstatéti 63% ismiza un 37%
daudzgadigo nezalu, savukart pirms razas novaksanas
— attiecigi 53 un 47%.

Ismiiza nezalu skaits labibu ceroSanas laika
bija lielaks neka pirms razas novaksanas, jo nezalu
uzskaite veikta pirms herbicidu lietosanas. Tacu
daudzgadigo nezalu skaitam pirms razas novaksanas
bija tendence palielinaties, salidzinot ar cero$anas
laika veiktajiem pétjjumiem. Tas izskaidrojams ar
nezalu sadigSanu p&c herbicidu lietoSanas, ka ar1
daudzgadigo nezalu attistibas Tpatnibam, piemeram,
Sp&ju vegetativi vairoties — jauni dzinumi tiruma
usném un tiruma mikstpieném aug lidz pat rudenim
un lietotie herbicidi to nenovérs, 1idz ar to viens augs,
producgjot vairakus dzinumus, vegetacijas perioda
laika savairojas.
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Nezalu skaits séjumos labibu ceroSanas laika
Number of weed plants at tillering of cereals

2. tabula / Table 2

Nezalu skaits, gab. m?2/
Kulttraugs, varianti / Number of weed plants per m?
Crops, treatments 1994-1996 1997-2002
Tsmiiza / daudzgad. / ismiza / daudzgad. /
annual perennial annual perennial
Ziemas kviesi / Winter wheat
1. AAAA 10.1 19.9 16.5 28.4
2.ALLL 13.5 21.1 18.2 27.0
3.LLLA 10.6 19.1 13.5% 37.6
4. LLLL - - 16.8 47.5%
RS,/ LSD, 7.6 52 4.6 13.8
Auzas / Oats
1. AAAA 102.2 7.0 56.3 12.7
2.ALLL 67.8 9.6 55.6 19.5
3.LLLA 94.5 13.6 58.2 12.6
4. LLLL - - 56.7 20.9
RS, ,/LSD, s 70.1 9.2 12.0 12.6
Vasaras miezi / Spring barley
1. AAAA 63.5 9.4 53.5 18.7
2.ALLL 64.4 7.0 55.1 24.8
3.LLLA 58.8% 11.2 443 23.6
4. LLLL - - 49.5 28.2%
RS,/ LSD, 2.3 5.8 9.5 8.5
Vasaras miezi + daudzgad. zales /
Spring barley + grasses
1. AAAA 329 9.8 42.1 46.0
2.ALLL 36.7 8.7 43.1 53.2
3.LLLA 359 11.6 39.2 59.3
4. LLLL - - 423 40.7
RS,/ LSD, 7.2 5.6 9.0 24.2
Vidgji labibas / Average in cereals
1. AAAA 522 11.5 42.1 29.1
2.ALLL 45.6 11.6 43.0 30.6
3.LLLA 49.9 13.9 38.8 36.5
4. LLLL - - 413 343
RS,/ LSD, 16.1 3.1 5.9 19.3

* — bitiska starpiba 95% ticamibas limeni / significant difference at 95% probability

A, L —skat. 1. tabulu / see Table 1

Nezalu skaita izmainu analize s€jumos labibu
cerosanas laika (2. tabula) rada, ka, izvert&jot iegtitos
datus ar dispersijas analizi 95% ticamibas Iimenr,
atseviskas labibu sugas 1smiiza nezalu skaits 1994.—
1996. gada petijumu perioda bitiski bija samazinajies
vasaras miezu sgjuma 3. varianta, kur arSana netika
veikta piecus gadus péc kartas salidzinajuma ar
katru gadu arto 1. variantu un 2. variantu, kur ar§ana
netika veikta 3 gadus. 1997.-2002. gada petijumu

perioda Iidzigi noverojumi bija ziemas kvieSu
s€juma, kur 3. varianta bija butiski mazak Tsmiiza
nezalu salidzinajuma ar 2. variantu, kur ziemas
kviesi bija séti arta augsné. Tas skaidrojams ar to, ka,
samazinot augsnes pamatapstrades dzilumu vairakus
gadus pec kartas, nezalu se€klas koncentréjas augsnes
virs¢ja slani, tadgjadi veicinot to sadigSanu un lidz
ar to séklu krajumu augsné izsiksanu laika gaita. Sie
noverojumi ir saskana ar vairaku pétnicku atzinam
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3. tabula / Table 3

Nezalu skaits labibu séjumos pirms razas novaksSanas
The number of weeds in cereals prior to harvest

Nezalu skaits, gab. m=2/
Kulttraugs, varianti / Number of weed plants per m?
Crops, treatments 1994-1996 1997-2002
ismiza / daudzgad. / ismiiza / daudzgad. /
annual perennial annual perennial
Ziemas kviesi / Winter wheat
1. AAAA 32 14.5 13.9 36.7
2.ALLL 6.8 15.6 11.2 32.7
3.LLLA 6.2 24.6 12.8 43.9
4. LLLL - - 14.8 62.7*
RS,/ LSD, 8.7 15.1 3.6 23.7
Auzas / Oats
1. AAAA 51.7 15.4 51.6 29.0
2. ALLL 57.2 11.9 54.4 29.3
3.LLLA 52.4 21.6% 55.2 31.9
4.LLLL - - 50.3 32.1
RS,/ LSD, 17.7 6.4 12.0 9.4
Vasaras miezi / Spring barley
1. AAAA 30.6 9.7 44.5 48.9
2.ALLL 26.7 10.9 37.4 48.8
3.LLLA 30.5 13.1 39.7 46.4
4. LLLL - - 46.7 53.7
RS,/ LSD, 10.3 4.5 6.4 20.9
Vasaras miezi + daudzgad. zales /
Spring barley + grasses
1. AAAA 62.4 5.3 27.8 429
2. ALLL 45.5 7.1 28.2 435
3.LLLA 53.5 10.4 26.2 40.1
4.LLLL - - 28.4 46.5
RS,/ LSD, 38.6 5.8 5.3 13.5
Vidgji labibas / Average in cereals
1. AAAA 37.0 11.2 36.4 40.5
2.ALLL 34.0 11.4 344 39.3
3.LLLA 35.7 17.4% 35.0 414
4. LLLL - - 35.1 48.8
RS,/ LSD, 9.73 5.0 9.2 11.4

* A, L—skat. 1. tabulu / see Table 1

(Pierce, Fortin, Staton, 1994). Vertgjot visu devinu
gadu petjumu periodu, §T atzina arT paradas ziemas
kvieSuun vasaras miezu s€juma, kur 3. varianta ismiiza
nezalu bija butiski mazak neka visos citos variantos
(4. tabula). Pilnigi atsakoties no arSanas augseka
(4. variants), daudzgadigo nezalu skaits, salidzinajuma
ar katru gadu arto 1. variantu, bija bitiski lielaks
vasaras miezu un ziemas kviesu s€juma, bet ziemas
kvieSos — salidzinot ari ar 2. variantu, kur tie s¢ti arta
augsné. Ja augsekas rotacijas perioda augsni apara
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pirms daudzgadigo zalaugu s€jas (3. variants), vid&ji
visas labibas to ceroSanas laika daudzgadigo nezalu
skaits bija butiski lielaks neka tad, ja arSana tika
veikta katru gadu.

Vertgjot minimalas augsnes pamatapstrades
ietekmi uz s€jumu nezalainibu pirms labibu razas
novaksanas (3. tabula), nav konstatétas buitiskasismiiza
nezalu skaita izmainas. Sadu ismiiza nezilu skaita
izlidzinasanos pa augsnes pamatapstrades variantiem
var skaidrot ar herbicidu lietoSanu labibu s€jumos,
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Labibu séjumu nezalainiba, videji 1994.-2002. gada
The weediness of cereals, average in 1994-2002

4. tabula / Table 4

Ismiiza nezales, gab. m? Daudzgadigas nezales, gab. m>
Kultiiraugs, varianti / Annual weeds per m? Perennial weeds per m?
Crops, treatments < . y “ . N
ceroSanas pirms razas ceros$anas pirms razas
laika / novaksanas / laika / novaksanas /
at tillering | prior to harvest at tillering prior to harvest
Ziemas kviesi / Winter wheat

1. AAAA 14.4 10.5 25.6 29.3

2. ALLL 16.6 9.7 25.0 27.0

3.LLLA 12.6* 10.6 31.3 37.4%
RS,/ LSD, 2.5 4.5 11.6 10.3

Auzas / Oats

1. AAAA 71.8 51.5 10.8 24.4

2.ALLL 59.7 55.3 16.2 23.6

3.LLLA 69.9 54.0 12.9 28.5
RS,/ LSD, 28.0 4.5 14.8 9.7

Vasaras miezi / Spring barley

1. AAAA 58.6 39.8 15.6 35.8

2. ALLL 59.4 34.0 18.9 36.2

3.LLLA 50.0%* 36.6 19.5 353
RS, /LSD, 8.2 9.8 11.8 16.2

Vasaras miezi + abolins /
Spring barley + clover

1. AAAA 39.1 39.2 33.9 30.3

2. ALLL 41.0 34.0 384 314

3.LLLA 37.2 353 43.4 30.1
RS,/ LSD, 9.1 11.9 31.8 6.5

Vidgji labibas / Average in cereals

1. AAAA 45.4 36.7 23.2 30.7

2. ALLL 441 343 243 30.1

3.LLLA 4222 35.4 29.0* 334
RS,/ LSD, 8.1 2.9 4.8 8.0

* A, L —skat. 1. tabulu / see Table 1

kas mazina augsnes apstrades ietekmi. Daudzgadigas
nezales 1994.—-1996. gada pétijumu perioda bitiski
vairak tika konstatétas auzu s€juma 3. varianta,
kura auzas s€ja 4 gadus péc kartas rudeni nearta,
tikai lobita augsne. Pilniga atteikSanas no arSanas
augsekas rotacijas perioda (4. variants) tika pétita,
sakot ar 1997. gadu. P&étijumi rada, ka augsni katru
gadu tikai lobot, tiek veicinata daudzgadigo nezalu
savairosanas. Bitiska nezalu skaita palielinaSanas
salidzinajuma ar 1. un 2. variantu noverota ziemas
kvieSu s€juma, parcjas labibas bija vérojama $o nezalu
skaita palielinasanas tendence.

Devinos gados iegiitie vidgjie dati par daudzgadigo
nezalu skaita izmainam liecina, ka biitiski vairak neka
2. varianta to bija ziemas kvieSu s€juma 3. varianta,

kur tie s€ti p&c abolina un timotina novaksanas tikai
lobita augsné. Pargjas labibas devinu gadu vidgjie
dati liecina, ka daudzgadigo nezalu skaits dazados
augsnes apstrades variantos ir izlidzinajies. Tas pats
sakams par So nezalu skaitu vid&ji visas labibas
devinu gadu pétijumu perioda, kad netika konstatSta
butiska variantu ietekme (4. tabula). Japiezimg,
ka kontroles varianta péc nezalu nogrieSanas
0.22-0. 24 m dziluma tas ataug 1enak neka lobitajos
laucinos, kur tas tika nogrieztas tikai 0.10-0.12 m
dziluma. Sakara ar to pavasari, t.i., labtbu cerosanas
laika, katru gadu artajos laucinos (kontrol€) dala
daudzgadigo nezalu dzinumu vél bija augsng. Starpiba
starp variantiem $aja laika bija izteiktaka neka pirms
razas novaksanas, kad starpiba starp variantiem bija
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5. tabula / Table 5

Augsnes pamatapstrades minimalizacijas ietekme uz nezalu gaissauso masu,
vidgji 1997.-2002. gada
The influence of reduced soil primary tillage on air-dry mass of weeds,
average in 1997-2002

Nezalu gaissausa masa, g m?/ Air-dry mass of weeds, g m?
Varianti / . .
: ziemas vasaras miezi +
Variants kviesi / auzas / vasaras miezi / abolins, timotins / vidgji labibas /
winter wheat oats spring barley spring barley + red average in
clover, timothy cereals
1. AAAA 3.0/16.6 11.5/12.8 92/174 11.8/16.0 89/15.7
2. ALLL 43/174 13.2/14.8 13.3/12.5 18.3/30.0 12.3/18.7
3.LLLA 49/18.1 16.5/20.9 10.5/12.7 13.2/20.3 11.3/18.0
4.LLLL 7.3%/17.5 | 14.3/20.0 10.8/15.0 11.6 /30.7 11.0/20.8
RS,/ LSD, 2.7/4.5 5.1/13.1 6.1/9.6 10.0/18.3

Piezime / Note: ismiiza nezalu masa/daudzgadigo nezalu masa / air-dry mass of annual weeds/perennial weeds

* A, L —skat. 1. tabulu / see Table 1

izlidzinajusies. Tacu, jo vélak dzinumi paradas virs
augsnes, jo grutak tiem konkurét ar kultiraugiem.

Tatad, pirms razas novakSanas veikto s€jumu
nezalainibas petfjumu rezultati rada, ka, izvietojot
ziemas kvieSus p&c divu gadu daudzgadigo zalaugu
izmantosanas, labak augsni apart 0.22-0. 24 m
dziluma péc daudzgadigo zalaugu novakSanas neka
pirms to sgjas. Pargjas labibu sugas un vidgji labibas
neparadas kada augsnes pamatapstrades varianta
prieksrocibas attieciba pret citiem variantiem nezalu
izplatibas ierobezosana.

Nezalu gaissausas masas izmainas augsnes
pamatapstrades minimalizacijas ietekmé raksturo
5. tabula ievietotic pétijumu dati. legltie rezultati
liecina, ka atteikSanas no augsnes arSanas augsekas
rotacijas perioda (4. variants) bija palielinajusi lsmiiza
nezalu masu ziemas kvieSu sEuma, bet pargjas
labibas butiska starpiba starp augsnes pamatapstrades
variantiem netika konstatéta.

Analizgjot labibu razu sakaribas ar s€umu
nezalainibu, konstatets, ka laika perioda no 1994.
l1dz 2002. gadam starp labibu s€jumu nezalainibu un
graudu razu ve€rojama negativa, bitiska korelacija.
Atseviskam labibu sugam nezalu ietekme uz razu
nedaudz atSkiras: ziemas kvieSiem (r,, = -0.554)
un auzam (r = -0.529) ta bija vidgji cieSa, vasaras
mieziem (rxy =-0.426) — vaja, un vasaras mieziem ar
daudzgadigo zalaugu pasgju (rxy =-0.837) — ciesa.

Secinajumi

1. SeSlauku labibu—zalaugu augseka smagas
puteklu smilSmala augsnes arSanai katru gadu
0.22-0.24 m dziluma nav biitiskas priekSrocibas
nezalu izplatibas ierobezoSana salidzinajuma
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ar variantiem, kuros arSanu veic vienu reizi
rotacijas perioda un pargjos gados augsni lobot
0.10-0.12 m dziluma.

Daudzgadigas nezales augsnes apstrades
minimalizacijas rezultata sadigst agrak, neka
arSanu veicot katru gadu. Labibu cerosanas laika
vidgji labibas noverots bitiski lielaks daudzgadigo
nezalu skaits, ja augsekas rotacijas perioda augsni
apar 0.22—0.24 m dziluma pirms daudzgadigo zalu
s€jas un pargjos gados augsni tikai lobot 0.10—
0.12 m dziluma salidzinajuma ar arSanu katru
gadu. Lidz labibu razas novaksanai daudzgadigo
nezalu skaits izlidzinas un vidgji labibas butiskas
starpibas starp variantiem nenovero.
Minimaliz€jot augsnes pamatapstradi labibu—
zalaugu augsekas rotacijas perioda, arSanu labak
veikt pec daudzgadigo zalaugu novaksanas neka
pirms to s&jas, pargjos gados var samazinat
augsnes apstrades dzilumu, veicot tikai lobiSanu.
Samazinot augsnes pamatapstrades dzilumu
vairakus gadus péc kartas, var samazinaties
ismuza nezalu skaits. Labibu ceroSanas laika
novérojama butiska Tsmiza nezalu skaita
samazinasanas ziemas kvieSu un vasaras miezu
s€juma, ja arSanu veic pirms vasaras mieziem_ar
daudzgadigo zalaugu pasgju.

Augsnes pamatapstrades minimalizacija
neietekm@ nezalu gaissauso masu vasaras labibu
s€jumos. Augsekas rotacijas perioda veicot tikai
lobisanu 0.10-0.12 m dziluma un atsakoties no
arSanas, nezalu gaissausa masa ziemas kviesu
s€juma palielinas. Pargjas labibas biitiska starpiba
starp augsnes pamatapstrades variantiem nav
konstatgta.



M. Ausmane, I. Melngalvis Augsnes pamatapstrades minimalizacija. I1l. Seéjumu nezalainibas izmainas

Slédziens

Labi iekultiveta smaga smilSmala augsné seslauku
augseka ar divgadigu abolina + timotina izmantoSanu
nav nepiecieSama ikgad€ja augsnes arSana. To var
veikt vienu reizi rotacijas perioda, par&jos gados
nomainot ar lobiSanu, ja lauki nav piesarpoti ar
daudzgadigajam nezaleém.

Literatiira

1. Aldrich, R. J., Kremer, R. J. (1997) Principles in
weed management. Iowa: Towa State University
Press, 452 pp.

2. Derksen, A. D., Lafond, G. P.,, Thomas, A.S.
(1993) Impact of agronomic practices on weed
communities: tillage systems. Weed science,
Vol. 41, 3, pp. 409-418.

3. Krogere,R.,Liepins,J.,Ausmane, M., Melngalvis,
1. (2005) Augsnes pamatapstrades minimalizacija
augseka. I. Augsekas produktivitate. Latvijas
Lauksaimniecibas universitate Raksti, 13 (308),
18-25 lpp.

4. Lauringson, E., Kuill, T., Talgre, L. (1999)
Effects of crop rotation and tillage on control
of some perennial weed species. Proceedings
of the 11th EWRS (European Weed Research
Society) Symposium 28 June — 1 July 1999 Basel,
Switzerland, COST-816 ,,Biological control of
weeds in Europe”, pp. 110-111.

5. Lauringson, E., Kuill, T., Vipper, H., Talgre, R.
(2000) The effect of crop rotation, autumnal soil
cultivation and herbicides on the productivity and
weediness of crops. Proceedings of the Intern.
Conf. ,, The Results of Long-term Field Experiments
in Baltic States”. Jelgava, pp. 71-80.

6. Maiksteniene, S. (2000) Possibilities of primary
tillage reduction on clay loam soil. Proceedings
of the Intern. Conf. ,,The Results of Long-term

10.

11.

12.

13.

14.

Field Experiments in Baltic States”. Jelgava,
pp- 106-114.

Pierce, F. J., Fortin, M. C., Staton, M. J. (1994)
Periodic plowing effects on soil properties in a
no-till farming systems. Soil Science Society of
America, Vol. 58, No. 6, pp. 1782-1787.
Radosevich, S., Holt, J., Ghersa, C. (1997) Weed
Ecology/Implication for management. John
Wiley & Sons, Inc., U.S.A., 589 pp.

Staddton, J. (1982) The effect of changes in cereal
husbandry systems on broadleaves weed control
strategy. A farmer view — Aspects of applied
biology, March, pp. 18-22.

Stancevicius, A., Spokiene, N., Raudonius, S.,
TreCiokas, K., Kemesius J. (2000) Reduced
primary soil tillage on the light loamy soils.
Proceedings of the Intern. Conf. ,, The Results of
Long-term Field Experiments in Baltic States”.
Jelgava, pp. 133-146.

Tottman, D. R., Willson, B. J. (1996) Weed
control in small grain cereals. Weed Research,
Vol. 36, 301-327.

Velykis, A., Satkus, A. (2006) Influence of crop
rotations and reduced tillage on weed population
dynamics under Lithuania’s heavy soil
conditions. Agronomy Research, 4 (special issue),
pp. 441-445.

Vilde, A. (1999) Energetic and economic
estimations of soil tillage systems. Folia
Universitatis Agriculturae Stetinensis,
195 Agricultura (74), pp. 213-222.

[MymoruH, A., CmmpHOB, b., 3axapuenko, A.
(1988) [eiicTBue MHOTOJCTHETO IPUMCHCHUS
9HeprocOeperarnmx CUCTEM 00padOTKH MOYBbI
U TepOUIMIOB HA 3aCOPEHHOCTh MOCEBOB H
YPOXKaWHOCTh  TIOJIEBBIX  KYIBTYp. Becmuux
cenvckoxosaticmeenHou Hayku, Ne 2, 103-109.

LLU Raksti 18 (313), 2007; 1-8



L. Lipenite, A. Karklins Peétijumi par NPK bilanci zemnieku saimnieciba “Teréni”

Pétijumi par NPK bilanci zemnieku saimniecibas
VI. Jelgavas raj. Vilces pagasta “Teréni”
Plant Nutrient Balance Studies in Farms of Latvia
VI. Farm “Tereni”, Jelgava region

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

Abstract. The sixth article of plant nutrient balance studies in farms of Latvia is devoted to farm “Tereni”
(see also Proc. of LLU, Nos 13, 16, and 17). The farm is located in the south part of Zemgale and is characterized
by an intensive crop production. Using similar methodology, NPK Soil surface and Farm—gate balances were
calculated for the period of 1999-2003. Mineral fertilizers were the main sources of nutrients. Plant nutrient
input (all sources) was on average 139.2 kg of N, 28.8 kg of P,O, and 42.1 kg of K,O per ha of agricultural
land per year of the investigation period. NPK Soil surface balance was 81.8 kg of N, 3.8 kg of P,O,, and
16.9 kg of K,O. Farm-gate balance was higher for all elements: 97.2 kg N, 10.4 kg P,O,, and 22.4 kg K, 0.

Surplus of nutrients in barn was comparatively low (15.4 kg N, 6.6 kg P,O,, and 5.5 kg K,O) and corresponded

to the difference between Farm—gate and Soil surface balances.
Key words: plant nutrient balance, NPK fluxes in agriculture, sustainable agriculture.

levads

Pedejas desmitgades laika Baltijas juras
regiona valstis pastiprinata uzmaniba tiek pievérsta
petijumiem par lauksaimnieciskas darbibas ietekmi
uz vidi. Noskaidrots, ka apm&ram pusei visa slapekla,
kas no baseina valstu teritorijas nonak Baltijas jura,
ir antropogéna izcelsme, turklat 58% no ta dod
piesarnojuma avoti lauksaimnieciba. Neskatoties
uz starptautisku  vienoSanos par pasakumiem
piesarnojuma mazinasanai, slapekla un fosfora
saturs Udenstec€s, kuras pliist uz jiru, nesamazinas
(HELCOM, 2004; Granstedt, 2005). Zinatnieki ir
secinajusi, ka, lai panaktu piesarnojuma samazinasanu,
ir butiski  japaaugstina slapekla un fosfora
izmantoSanas efektivitate saimniecibas (Isermann,
Isermann, 1998; Granstedt, 2000; Jarvis, 2001,
Steinshamn et al., 2004; Seuri, 2005). Augu baribas
elementu bilancu aprékinos ietverta informacija, kas
raksturo NPK plismu, lauj konstatét segmentus,
kuros ir palielinatas So elementu zudumu iespgjas.
Ienesas un iznesas sastavdalu izpéte lauj veikt NPK
plusmas regulésanu starp augkopibas un lopkopibas
nozarém, nodroSinot vairakkartju to ieks€jo apriti
saimnieciba, planot méslojuma vajadzibu un sadali
kultiraugiem, sabalansgt lopbaribas racionu, veikt
pasakumus kiitsmeslos esoSo augu baribas elementu
zudumu mazinasanai to uzkrasanas un uzglabasanas
laika un izveleties kultiraugus, kas labak izmanto
augsné esosas baribas elementu rezerves (Kohn
et al.,, 1997, Watson, Atkinson, 1999; Oenema,
Velthof, 2002; Watson et al., 2005; Nielsen,
Kristensen, 2005). Tapec LLU tika veikti petfjumi
vairakas saimniecibas, lai noskaidrotu NPK aprites
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galvenas likumsakaribas un izstradatu priekslikumus
vides risku mazinasanai. Sis ir pedgjais raksts no
s€rijas par rezultatiem, kas pé€tfjumu perioda tika
iegiiti katra no §Tm saimniecibam (ieprieksgjos skatit
LLU Rakstu 13. un 16.—17. sg¢juma).

Materiali un metodes

Augu baribas elementu aprites péetjumi un
bilan¢u aprékiniem nepiecieSamas informacijas
ieguve un datu uzskaite Jelgavas rajona Vilces
pagasta zemnieku saimnieciba “Teréni” tika veikta
laika posma no 1999. lidz 2003. gadam. Saimnieciba
atrodas Viduslatvijas zemienes Zemgales lidzenuma
dienvidrietumu dala ar viegli vilnotu reljefu. Reljefs
un augsnes veidojusas uz glacigéniem nogulumiem
(smilsSmals un malsmilts). Atbilstosi Latvijas
teritorijas regionalajai rajoné$anai lauksaimniecibas
vajadzibam (Boruks, 2004) Vilces pagasts ir iedalits
1.2. regiona, kam raksturigas augligas augsnes, kuras
veido lielus vienlaidu tirumu masivus ar samera
labam tehnologiskam ipasibam. Lauksaimnieciba
izmantojamas zemes (LIZ) kvalitates novertejums
Vilces pagasta ir 58 balles, tomér vairak neka 25% no
aramzemes kopplatibas ir vidgji un stipri akmenainas.
Regiona dabas un ekonomiskie apstakli ir labvéligi
intensivai lauksaimnieciskai razoSanai. Saimnieciba
atrodas Tpasi jlitiga teritorija, kas saimniecibai uzliek
noteiktas prasibas iidenu aizsardzibai no piesarnojuma
ar nitratiem (MK Noteikumi..., 2001).

Saimniecibas zemes kopplatiba petijumu perioda
palielinajas no 320 ha lidz 523 ha. No kopgjas
platibas lauksaimnieciba izmantojama zeme aiznéma
97%, tai skaitd tirumi — 96.7%, ganibas — 0.1%,
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auglu darzs — 0.2%. Saimniecibai piedergja arl
10.5 ha meza. Domingjosas augsnes: podzolaugsnes,
karbonataugsnes  un  glejaugsnes. Augsnes
granulometriskais sastavs: smilSmals un malsmilts.
Visa lauksaimnieciba izmantojama zeme bija
drenéta ar slégto drenazu. LIZ agrokimiskie raditaji:
pH KCI1 — 6.3-7.4, organiska viela — 14-25 g kg,
augiem viegli izmantojamais P,O, — 43-252, K,O —
76244 mg kg

Saimniecibas razoSanas pamatnozare bija
augkopiba. Tika audzeti ziemas un vasaras kviesi,
miezi, cukurbietes un rapsis, bet nelielas platibas
arT kartupeli un pupas. Dala sarazotas produkcijas
tika izmantota lopbaribai, jo saimnieciba nodarbojas
arT ar cikkopibu. P&tijumu gados saimnieciba vidgji
bija 50-130 nobarojamas cikas, 11-20 sivénmates,
ka art 2 slaucamas govis, kas veidoja vidgji 14.4 DV
(dzivnieku vienibas?) gada. Ieguitos seklas kiits pakaisu
kiitsme&slus izmantoja kultiraugu meslosanai. Augu
baribas elementu krajumi saimnieciba galvenokart
tika papildinati ar iepirktiem mineralmesliem,
lopbaribu un baribas piedevam, ka ar1 ar iepirkto
s€klas materialu.

Petijumu gaita tika ieglita, apkopota un analiz&ta
informacija par zemes izmantoSanas veidiem un
to augSnu raksturojumu, par saimnieciba ik gadu
iepirktajiem  mineralmésliem un  uzkratajiem
organiskajiem mesloSanas Iidzekliem, to sastavu un
pielietoSanu, iepirkto s€kluun lopbaribu, majdzivnieku

skaitu un apriti, lopu turSanas sistému, kiitsméslu
uzkrasanu un uzglabasanu, par kultiraugu méslosanu
uniegtto razu, ka ar1 par realiz&tas augkopibas (graudi,
cukurbietes, rapsa sckla) un lopkopibas (ctikgala,
sivéni) produkcijas apjomu. Saimnieciba periodiski
tika ievakti un analizeti kiitsméslu paraugi, nosakot
sausnas un NPK saturu tajos. Saimniecibai p&tijumu
perioda (pa gadiem un pa visu p&tniecibas periodu) tika
aprekinati divi augu baribas elementu bilan¢u veidi —
NPK Lauka bilance un NPK Saimniecibas bilance.
Bilan¢u aprékinu metodiku skatit autoru iepriekséja
publikacija (Karklins, Lipentte, 2005). Analiz&ta ar1
NPK aprite lopkopibas nozarg, veicot ta saukto ,,Kiits
bilances” aprékinu. Kiits bilancé NPK ienesu veidoja
saimnieciba sarazotie, iepirktie un dzivnieku baribai
izmantotie produkti, izlietotais pakaiSu materials,
ka art iepirktie dzivnieki. Savukart iznesu veidoja
sarazota (pardota) lopkopibas produkcija, iegitie
kutsmésli un izskaitlotie NPK zudumi no lopkopibas.

Rezultati un diskusija

Galveno augu baribas elementu ienesas sastavdalas
Lauka bilance saimnieciba “Teréni” raksturo 1. tabulas
dati. Nozimigakais slapekla, fosfora un kalija ienesas
avots bija mineralmesli. Kultiiraugu méslosanai gada
vidgji tika izmantotas 52.9 t N, 10.2 t P,O, un 15.1 t
K,O jeb, rékinot uz 1 ha LIZ, attiecigi 133.2 kg N,
258 kg PO, un 38.0 kg KO. Izmantotajos
mineralméslos izteikti domingja slapeklis. Lai gan

1. tabula / Table 1

NPK ienesa augsng, kg ha' LI1Z
NPK input into soil, kg ha! of agricultural land

Raditajs / Variable 1999. g. 2000. g. 2001. g. 2002. g. 2003. g.
SLAPEKLIS / NITROGEN, N
Mineralmesli / Mineral fertilizers 106.4 83.3 125.5 169.4 165.9
Organiskie mésli / Manure 3.89 2.65 2.65 2.65 4.18
Sekla / Seed 2.13 2.36 1.35 2.30 2.96
Biologiski fiks&tais N / 1.56 0 0 0 0.80
Biologically fixed N
FOSFORS / PHOSPHORUS, P,O
Mineralmesli / Mineral fertilizers 18.6 20.1 10.0 30.1 43.1
Organiskie mésli / Manure 2.62 1.75 1.75 1.75 2.53
Sekla / Seed 0.90 1.01 0.60 1.00 1.29
KALIJS / POTASSIUM, K,0
Mineralmesli / Mineral fertilizers 23.8 23.1 229 46.0 63.1
Organiskie mésli / Manure 4.02 2.86 2.86 2.86 4.44
Sekla / Seed 0.56 0.65 0.42 0.66 0.87
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Aprekinatas, nemot vera ar kiitsmésliem izdalito slapekli gada.
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1. att. S§jumu struktiira saimnieciba.
Fig. 1. Crops grown in the farm, % from the sown area.

petijumu perioda laika N:P:K attieciba tajos izmainijas
no 1:0.17:0.22 (1999. g.) uz 1:0.26:0.38 (2003. g.),
kalija Tpatsvars tomér bija parak zems efektivai
slapekla izmantoSanai. Kiitsméslos esoSie slapekla,
fosfora un kalija krajumi saimnieciba bija nelieli —
vidgji gada attiecigi 1.29, 0.83 un 1.37 tonnas. Ienesa
ar kitsmésliem vidgji bija tikai 3.2 kg ha' N, 2.1 kg
ha'P,O,un 3.4kgha' K O gada. Gandriz tikpat daudz
slapekla un fosfora augsné nonaca arT ar izmantoto
s€klas materialu. Biologiski saistita slapekla ipatsvars
slapekla ienesa bija zems, jo vienigic taurinziezi,
ko divus gadus neliela platiba audz&ja saimnieciba,
bija pupas. Pavisam uz 1 ha LIZ gada ienesa veidoja
139.2 kg N, 28.8 kg PO, un 42.1 kg K O.

S€jumu struktira saimnieciba galveno vietu
ienéma ziemas kviesi (1. att.). To platiba p&tijumu
perioda palielinjas no 80 lidz 160 ha, bet Tpatsvars pa
gadiem mainjas no 34 [idz 55%. 2000. un 2003. gada
30—40% no s¢jplatibas aiznéma vasaraju graudaugi
— vasaras kviesi un miezi. Cukurbietes saimnieciba
tika audzStas 20—45 ha platiba. Rapsi audzgja, sakot
no 2001. gada, ta platiba pa gadiem palielindjas no
39.5 Iidz 100 ha. Nelielas platibas vél tika audzéti
arT kartupeli un pupas. No iegiitas razas parsvara
izmantoja tikai pamatprodukciju. Lai nodroSinatu
pakaiSu vajadzibu, no 15 ha graudaugu platibas tika
novakti salmi.

Augu baribas elementu iznesu Lauka bilance
veidoja ar razu no lauka novakta produkcijas dala.
Iznesas lielums bija atkarigs no audz&to kultliraugu
razibas. Vislielako ziemas un vasaras kvieSu
graudu razu ieguva 2002. gada — 5.2 t ha’', bet
cukurbiesu saknu raza $aja gada bija zemaka — tikai
35 t ha'l. Cukurbietém labvéligaks bija 1999. gads
(47.2tha™). 2003. gadaieguva 4.5 t ha! miezu graudu,
kas bija vairak salidzinajuma ar ieprieksgjiem gadiem
(3.3-3.5 t ha'), savukart no rapSa Saja gada
ieguva tikai 1.7 t s€klu (citos gados ap 3 t ha').
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Kopgja raza akumuléta NPK masa, palielinoties
sgjplatibai, dubultojas un 2003. gada sasniedza
51.9tN, 21.4 t P,O, un 52.0 t KO (p&tfjumu laika
vidgji 33.0 t N, 13.4 t P,O, un 33.6 t K O). No NPK
ienesas augsné raza akumul&jas videji 60% slapekla,
122% fosfora un 204% kalija.

No lauka tika novakta tikai dala raza uzkrata
NPK daudzuma. Vidgji gada raza uzkrato slapekla,
fosfora un kalija masu, ka arT tas sadalijumu no
lauka novaktaja un uz lauka palikuSaja dala raksturo
2. attéls. Sajos aprékinos netika nemta véra kultiraugu
saknu sistéma.

Graudiem un rapsa seklai, kas veidoja lielako
dalu no iegttas pamatprodukcijas, bija raksturigs
salidzino$i zems kalija saturs. L1dz ar to razas dala, ko
novacano lauka, kalija masa bija par 70% mazaka neka
kopuma no augsnes un méslosanas Iidzekliem razas
veidosanai izmantotais daudzums. Blakusprodukcija
akumul@tais kalijs palika uz lauka, atgriezot augsné
vidgji 59.5 kg ha' K O. No raza uzkrata slapekla
un fosfora blakusprodukcija koncentrgjas tikai
apméram 30 %, ar kuriem augsné tika atgriezti vidgji
25.7 kg ha' N un 8.8 kg ha' P,O,. Vidgji 1999.—
2003. gada iznesa ar novakto razu atbilstosi Lauka
bilancei veidoja 57.4 kg ha' N, 25.1 kg ha' P,O, un
252 kgha' K/O. N : P : K attieciba izaudz&taja raza
bija 1 :0.41 : 1.02, bet razas dala, ko novaca no lauka,
—1:0.44:0.44.

NPK Lauka bilances saimnieciba “Teréni” laika
posma no 1999. [1dz 2003. gadam ir paraditas 3. attela.
Pétijumos tika konstatSts ieveérojams raza nesaistita
slapekla uzkrajums, kas pa gadiem svarstijas diezgan
plasa intervala — 38.3-107.3 kg ha' N. Visaugstakie
bilances raditaji noveéroti 2002. un 2003. g., kad
kultiraugu meéslosanai uz 1 ha LIZ tika izlietots
vairak neka 160 kg N. Tas ievérojami parsniedza
razas veidoSanai nepiecieSamo slapekla daudzumu.
Fosfora un kalija bilance salidzinajuma ar slapekli
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3. att. NPK Lauka bilance saimnieciba.
Fig. 3. NPK Soil surface balance.

bija ievérojami mazaka. To ienesa praktiski l1dzinajas
iznesai ar izaudz€tas razas dalu, kura tika novakta
no lauka. Tikai 2003. gada, palielinoties izmantoto
mésloSanas Iidzeklu daudzumam, fosfora bilance
sasniedza 15.7 kg ha' P,O,, bet kalija bilance —
38.9 kg ha' K O. Vidgji pétfjumu perioda Lauka
bilance slapeklim bija 81.8, fosforam — 3.8, un
kalijam — 16.9 kg ha’!, bet 80 augu baribas elementu
izmantoSanas efektivitate (iznesa/ienesa) — attiecigi
41.2, 86.9 un 59.9%.

Augu baribas elementu ienesu saimnieciba veidoja
galvenokart tikai iepirktie mineralmésli (2. tabula).
Tie veidoja vairak neka 98% no kopéjas NPK ienesas,
kas vidgji 5 gados bija 134.4 kg ha' N, 26.1 kg ha’!
P,O, un 38.0 kg ha' KO. ST tendence saglabajas
visa pétijumu perioda laika. Ar citiem iepirktajiem
materialiem ienesa, rékinot uz 1 ha LIZ, bija nieciga:
ar iepirkto lopbaribu 0.46 kg N un 0.28 kg P,O,, ar
iepirkto seklu 0.20 kg N, 0.09 kg P,O, un 0.06 kg
K,O. Arf biologiski saistita slapekla dala ienesa bija
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loti maza — tikai 0.45 kg ha''. Savukart NPK iznesu
no saimniecibas galvenokart veidoja realizetaja
augkopibas produkcija esosie augu baribas elementu
krajumi: no kopgjas slapek]a iznesas tie bija 93%, bet
no fosfora un kalija iznesas — 98%. Vislielaka NPK
iznesa no hektara ar pardotajiem kvieSu un miezu
graudiem, cukurbietém un rapsi bija 2002. gada —
61.1 kg N, 27.0 kg P,O, un 21.4 kg K O, kas divkart
parsniedza iznesu 1999. gada, kad tika realizgeti tikai
kviesi un cukurbietes. Petfjumu laika vid&ji gada no
1 ha LIZ ar realizéto razas dalu iznesa 35.0 kg N,
15.5 kg P,O, un 15.4 kg K, O. No lopkopibas nozares
realizéta produkcija bija ciikgala un 1999. g. arl
siveéni, tacu produkcijas apjomi nebija lieli, tapec NPK
iznesa ar to, parrékinot uz ha LIZ, bija tikai 1.3 kg N,
1.3 kg P,O, un 0.3 kg K O. Izskait|otie slapekla
zudumi kttsméslu uzkrasanas un uzglabasanas laika
veidoja vidgji 2 kg ha'. Kopgja slapekla, fosfora
un kalija iznesa no saimniecibas vidgji gada bija
37.5kgha' N, 15.7 kg ha' PO, un 15.6 kg ha'' K O.
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2. tabula / Table 1

NPK ienesas un iznesas struktiira Saimniecibas bilance, vidéji 1999.-2003. g., kg
NPK input and output variables in Farm gate balance, kg, in 1999-2003 on average

Raditajs / Variable N PO, K,0
IENESA / INPUT
Ar mineralmésliem / Mineral fertilizers 52914 10 228 15074
Ar seklu un stadamo materialu / Purchased seed 81 36 25
Ar iepirkto lopbaribu / Purchased feedstuffs 181 110 0
Ar iepirktiem dzivniekiem / Purchased animals 8 3 1
N biologiska fiksacija / Biologically fixed N 178 - -
Kopa / Total 53 362 10377 15100
IZNESA /OUTPUT
Ar realiz&to augkopibas produkciju / Sold crop products 13 880 6138 6129
Ar realiz€to lopkopibas produkciju / Sold animal products 196 79 20
Zudumi no lopkopibas / Barn losses 682 35 53
Kopa / Total 14 758 6252 6202
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o
<

100

Bilance / Balance, kg ha '
o0
(==

1999 2000

Visa pétijumu perioda laika saimnieciba “Teréni”
ienakusT augu baribas elementu masa parsniedza to
iznesu no saimniecibas (4. att.). Perioda no 1999. lidz
2002. gadam fosfora uzkrajums veidojas neliels, pie
tam 2001. g. fosfora Saimniecibas bilance bija pat
negativa — -0.7 kg ha' P,O.. Arf kalija Saimniecibas
bilance saka palielinaties tikai perioda beigas, kad
ta sasniedza 50.2 kg ha' K O. Slapekla ienesa
saimnieciba bija ieverojami lielaka par ta iznesu, un
Sai sakaribai bija tendence pieaugt, jo palielinajas
slapekla ~ mineralmeslu  izmantoSanas  apjoms.
Slapekla Saimniecibas bilance 2003. gada sasniedza
143.8 kg ha! N. Lidz ar to $aja gada saimnieciba
konstatgta |oti zema slapekla izmantosanas efektivitate
— tikai 14% no ienesta slapekla pargaja realizétaja
produkcija salidzinajuma ar 2000. gadu, kad slapekla

LLU Raksti 18 (313), 2007;9-16

2001

4. att. NPK Saimniecibas bilance.
Fig. 4. NPK Farm-—gate balance.

2002 2003

produktiva izmantoSanas sasniedza 52%. Vidg&ji
1999.-2003. gada Saimniecibas bilance slapeklim
bija 97.2, fosforam — 10.4 un kalijam — 22.4 kg uz
1 ha LIZ.

Saimnieciba izaudz&ta augkopibas produkcija
netika pilntba realizéta, bet veidoja nozimigu
lopbaribas dalu. 3. tabulas dati raksturo augkopibas
produkcija uzkratas galveno augu baribas elementu
masas izlietojumu saimnieciba. Saimniecibas
ieksgja aprite nonaca ap 39% no slapekla, fosfora un
kalija, kas atradas paSu izaudzgtaja s€kla, pakaiSiem
paredzéto salmu masa un lopbaribai izmantotaja
augkopibas produkcijas dala. Lopbariba koncentrgjas
lielaka dala no §1s NPK masas: 86.6% N, 87.5% PO,
un 72.4% K, 0. Ta ka saimnieciba bija specializ&jusies
ctuikkopiba un ieglito pienu izmantoja tikai vietgjam
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3. tabula / Table 3

NPK masa augkopibas produkcija un tas izlietojums, vidéji 1999.-2003. g., kg ha™!
NPK in crops’ yield and its distribution, in 1999-2003, on average per year, kg ha™!

NPK kratuve / Plant nutrient pool N PO, K,0

legiitaja raza, tai skaita / In harvested yield, from which: 57.4 25.1 25.2

pardotaja razas dala / in sold crop products 35.0 15.5 15.4
saimnieciba palikuSaja dala, tai skaita / left in farm, from which: 22.4 9.6 9.8
pasu izaudzeta sekla / in in-farm produced seed 2.1 0.9 0.6
salmos / in straw for litter 0.9 0.3 2.1
lopbariba / in feedstuffs 19.4 8.4 7.1

4. tabula / Table 4

NPK Kiits bilance, vidéji 1999.-2003. g., kg ha™
NPK Barn balance in 1999-2003, on average per year, kg ha™'

Raditajs / Variable N PO, K,0
IENESA / INPUT
Augkopibas produkcijas dala lopbaribai / In-farm 19.4 8.39 7.09
crop products for feed
Salmi pakaiSiem / Straw for litter 0.88 0.32 2.06
Iepirkta lopbariba / Purchased feed 0.46 0.28 0
Iepirktie dzivnieki / Purchased animals 0.02 0.01 0
IZNESA /OUTPUT

Pardota lopkopibas produkcija / Sold animal 0.49 0.20 0.05
products
Uzkratie organiskie mésli / Manure 3.24 2.08 3.44
Zudumi no lopkopibas / Barn losses 1.72 0.09 0.13

BILANCE / BALANCE 15.3 6.63 5.53

patérinam, tad lopbaribas sortimenta bija mazs zales
lopbaribas Tpatsvars, kas atspogulojas arT augu baribas
elementu attiectba — pasu sarazotaja lopbariba bija
zems kalija saturs.

Augu baribas elementu plismu saimniecibas
lopkopibas nozar€ raksturo Kiits bilance (4. tabula).
Ienesu kitt veidoja iepirktd un saimnieciba sarazota
lopbariba, pakaiSiem izmantotie salmi un iepirktie
dzivnieki. Lielaka ienesas sastavdala bija augu
baribas elementu masa pasSrazotaja lopbariba. No
kopgjas slapekla, fosfora un kalija ienesas lopkopibas
nozaré pasrazota lopbariba attiecigi veidoja 94, 93
un 77%. Citas ienesas sastavdalas bija ievérojami
mazakas, lai gan kalija ienesu bitiski ietekmé&ja
pakaiSiem izmantotie graudaugu salmi. NPK ienesa
pa gadiem bija cieSi saistita ar dzivnieku blivuma
izmaindm saimnieciba (korelacijas koeficients
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r = 0.82-0.96). Dzivnieku skaitam palielinoties,
piecauga ar1 NPK iznesa no kiits ar organiskajiem
mésliem un slapekla zudumi no lopkopibas, kas bija
galvenas iznesas sastavdalas. Iznesa ar pardotajiem
lopkopibas produktiem veidoja mazak par 10%
no kopgjas iznesas. Kiits bilance petijumu laika
svarstijas no -0.3 1idz 41.4 kg ha'! slapeklim, no 0 1idz
18.1 kg ha' fosforam un no 0.7 lidz 11.4 kg ha'
kalijam. NPK nelietderigais uzkrajums un iesp&jamie
zudumi lopkopibas nozaré vidgji piecos gados bija
nelieli — tikai 15.3 kg N, 6.6 kg P,O, un 5.5 kg K,O.
Galveno augu baribas elementu aprites izpete
radija, ka to izmantoSana saimnieciba “Teréni”
nebija  pietickami  sabalanséta.  Kultiiraugu
mésloSanai izmantotajos  mineralmeslos izteikti
domingja slapeklis, lidz ar to ta izmantoSanas
efektivitate lauka Itmeni bija zema un veidojas liels
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raza nesaistita slapekla parpalikums, kas zinamos
apstaklos var klit par potencialu augsnes, idenu un
atmosferas piesarnojuma avotu. Ta ka mineralmésli
bija neracionali izmantoti, ar iepirkto un realiz&to
produkciju nesabalanséta veidojas ar1 slapekla
plisma gan saimnieciba, gan no tas. Ka tas raksturigi
jaukta saimniekoSanas tipa (augkopibas—lopkopibas)
saimniecibam, dala no izaudz&taja augkopibas
produkcija akumuléta augu baribas elementu
daudzuma neatstdja saimniecibu, bet nonaca
ieksgja aprité lopkopibas nozaré. Tadgjadi slapekla
ienesa saimnieciba ievérojami parsniedza ta iznesu.
Tomeér, ta ka saimnieciba lopbaribu neiepirka lielos
daudzumos, tad slapekla izmantoSanas efektivitate
(iznesas—ienesas attiectba Saimniecibas bilancg) bija
apméram 28%, kas tiek uzskatits par pienemamu
raditaju $ada lauksaimnieciskds razoSanas veida
uznémumam (Oenema, 1999; Seuri, 2005).

Secinajumi

Saimnieciba “Teréni” kultiraugu méslosanai
izmantotie mineralmesli bija galvena NPK ienesas
sastavdala. Slapekla mé&slojuma norma vidgji gada
sasniedza 133.2 kg N, fosfora — tikai 25.8 kg P,O;
un kalija — 38.0 kg K,O, bet iznesa ar novakto razu
atbilstosi Lauka bilancei bija 57.4 kg N, 25.1 kg
P,O,un 25.2 kg K,O uz I ha LIZ. N : P : K attieciba
izaudzetaja raza bija 1 : 0.41 : 1.02, bet razas dala, ko
novaca no lauka, — 1 : 0.44 : 0.44. Vidgji petijumu
perioda laika Lauka bilance slapeklim bija 81.8,
fosforam — 3.8 un kalijam — 16.9 kg ha!. Salidzinot
saimnieciba ienakoSo un realiz&taja lauksaimniecibas
produkcija esoSo NPK masu, konstatéts nelietderigs
slapekla, fosfora un kalija uzkrajums — attiecigi
97.2 kgha' N, 10.4 kg ha' P,O, un 22.4 kg ha'' K O.
Saimniecibas lopkopibas nozare neveidojas liels NPK
parpalikums: kiits bilance, rékinot uz 1 ha LIZ, bija
tikai 15.4 kg N, 6.6 kg P,O, un 5.5 kg K, O.
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Abstract. The paper analyses the current situation in land reclamation sector in Lithuania and discusses
agricultural drainage management under the conditions of market economy. Land reclamation practice plays
a significant role in agriculture of Lithuania. Until 2004, about 2.98 million hectares (85.5%) of agricultural
land were drained. Though ownership rights to land were restored after regaining independence in 1990,
privatization of land reclamation structures was not started along with the land reform. Drainage systems
were included into the state property. Their maintenance is government-funded and makes only 4.4 € ha'! per
year on average, which is largely insufficient as drainage systems continuously deteriorate. The state bailout
measures for maintenance of land drainage should be optimized and geared to the economic expediency. Four
scenarios of the reallocation of subsidies for land drainage are submitted for approval. Having applied the
methodology suggested, priority should be given to the regions where revenue from agriculture is highest.
Therefore in the region of middle Lithuania where water regime control is profitable, current subsidies for land
drainage would increase by index 1.24+0.10. Whereas in the territory where land productivity is low and the
percentage of abandoned land is more than the mean value of the country, the financing would be reduced by

index 0.71+0.17.

Key words: land drainage, maintenance, state subsidies, financing scenarios.

Introduction

The territory of Lithuania is subdivided into
44 districts (municipalities) attributed to ten counties
with a total area of 65.3 thousand km?, about 60.6%
of which are used for agriculture purposes. Specific
climate conditions, relief and soil properties have
resulted in certain hydrological problems (Motuzas
et al., 1996). Excess water in the soil is evident in the
spring snow-melt period and lack of water regime
control extremely aggravates agricultural activity and
mechanization. Therefore the bulk (about 3 million ha)
of agricultural land has been drained (Maziliauskas
et al., 2005). The percentage of drained land varies
from 35.4% in hilly areas to 98.8% in plain districts
with more fertile soils (Fig. 1).

Until 1990, when Lithuania restored its
independence, the land and land drainage structures
were exclusively the state property and were used
for agricultural development, which was oriented
towards the Soviet Union (Russia) market (Saulys
and Lukianas, 2003). The situation changed when
the land reform had started and ownership rights to
land had been retrieved. As reorganization of land
reclamation management was not carried out along
the land reform, the agricultural land obtained two
owners: (1) the owner of the plot, and (2) the state
as the authority for the operation and maintenance of
implemented drainage systems. As the landowners are
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economically weak, they are not interested in taking
responsibility for the operation and maintenance of
drainage systems in their ownership and the state
cannot always carry out the necessary maintenance
because of the lack of funds (Offringa et al., 1999).
Insufficient maintenance of drainage leads to systems
deterioration.

Similar problems emerged not only in Lithuania,
but also in neighbor states that have economical straits
influenced by the process of transition. Dzalbe and
Busmanis (2004) have mentioned that socio-economic
transformations and privatization had affected the
situation in soil management in Latvia.

The possibilities of reducing governmental bailout
for land reclamation have been under consideration
for a long time because the merger of private and state
capital is complicated and, moreover, there is a lack
of such experience in Lithuania. Several authors have
analyzed the situation in land reclamation sector and
have discussed the advantages and disadvantages of
the privatization of land drainage structures, as well as
the experience of land reclamation associations in the
Netherlands, Norway, and Germany (Kuiper, 1998;
Vaikasas et al., 1998; gaulys and Lukianas, 2003;
Maziliauskas, 2004). Monsees (2004) has proposed
that the administrative structure model of Water and
Soil Associations could be applied to the countries
searching for modern institutional organizing forms

17



N. Bastiené, V. Saulys

Maintenance and Financing of Land Drainage in Lithuania

_Baltic Sea

— county boundaries

1 45/91 soil rating point /

1 >39

=y —— municipality boundaries

L3 e percentage of drained land

“— localities with soil rating point:

5097 /
= e =
A s

T45/91 L4892
_, SIAULAL

S 3145
3868 | 3350 ¢

Fig. 1. Administrative subdivision of Lithuania into counties and municipalities.

for a more sustainable water and land management.
A very long experience of a successful organization
of collective activity and management of land and
water resources according to local standards has
been gained in Germany. The possible usefulness
of implementing this experience in Lithuania is still
under consideration.

After a long discussion, only in 2004, a new
Land Reclamation Law dealing with the changes
in the property rights of land reclamation structures
was approved (Lietuvos Respublikos ..., 2004).
According to this law, the greatest part of subsurface
drainage came into possession of the landowner:
drainage laterals and collectors with the diameter
less than 12.5 cm were transferred to the landowners
while the rest of drainage network remained the state
property. The following changes were dictated by the
structural funds of the EU that can be used only for
the renovation of private land reclamation structures
(the share of the EU funds amounts to 50%). In the
financial support regulations it is stated that the whole
financing from the state budget will be provided only
for the repair works of drainage collectors with the
diameter more than 12.5 cm. In all other cases the
share of personal funds should be no less than 15%.

Under the conditions of market economy, the
investments in land improvement should be profitable.
Therefore, further financing of land reclamation
maintenance from the state budget should be
optimized and focused on the economic expediency
and development of regions most suitable for
agriculture. No investments should be allocated where
the operation of drainage systems is unprofitable.
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The aim ofthe study was to motivate the necessity to
improve the maintenance ofland reclamation structures
and to prepare new scenarios for the allocation of state
subsidies considering the economical efficiency of the
financing of land reclamation activities. To achieve
this aim, the following tasks were set up:

- to analyze the current situation in the land
reclamation sector and the technical state of
drainage systems;

- to carry out the analysis of land reclamation
financing from the state budget;

- to ascertain the factors having a direct effect
on the economic efficiency of the drainage
systems exploitation;

- to prepare the redistribution model of the
financing of land reclamation activities
basing on regional priorities.

Materials and Methods

The study is based on the analysis of the present
technical and financial situation in the land reclamation
sector in Lithuania. The data from the Statistics
Department of Lithuania, State Land Management
Institute, Lithuanian Institute of Agrarian Economics
as well as from Agricultural Ministry of Lithuania
have been used and processed by the method of
statistical analysis.

The economical benefit of the reparation of
deteriorated drainage has been estimated in line
with trade prices of crop production and drainage
reparation costs for the period of three years (1999-
2001) in order to avoid possible meteorological
effects and uneven price fluctuation. The data about
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drainage reparation costs were obtained from the
Land Reclamation Services in municipalities. The
average value of efficiency has been expressed as the
ratio of the profit gained from crop cultivation after
the reparation of damaged drainage systems to the
costs of reparation.

The “MS Excel 2000” program was used to
prepare the algorithm for allocation of state subsidies
for land reclamation purposes.

Results and Discussion
Analysis of the situation in Lithuanian land

reclamation sector

A total of 3.04 million hectares or 88.4% of
waterlogged soils have been drained during the forty
years of Soviet period (1950-1990). Subsurface tile
drainage was carried out in the area of 2.62 million ha
(Maziliauskas etal., 2005). Construction of new drainage
systems was stopped after 1990. In the period of 1990-
2004, only 38.1 thousand hectares of waterlogged soils
were drained (Valstybinis ..., 2004) (Table 1). The
greatest part (63%) of subsurface drainage systems
in Lithuania exceed the useful service life of 30 years
generally accepted in Western Europe (Rimidis and
Dierickx, 2003). Notwithstanding the average lifetime
of tile drainage has been forecasted to be 50 years,
reliability of drainage systems decreases permanently.

Approximately 20-25 thousand hectares of
drained land yearly become unsuitable for agriculture
activities due to imperfect drainage (Sivickis, 2002).
In the informative publications of the Lithuanian

Ministry of Agriculture it has been reported that at the
beginning of 2004 about 275.6 thousand hectares of
agricultural land (10.7%) had an imperfect drainage
status (Valstybinis ..., 2004). Investigations carried
out during 1996-2001 have shown that subsurface
drainage in the region of Middle Lithuania generally
is becoming insufficient after 28+1.2 years of
operation (Bastiené, 2002). Whereas in the territory
with more complicated natural conditions (diverse
and contrasting soil surface structure, specific
features of the relief and soil hydrology), drainage
deteriorations emerged even earlier, i.e., after 23-25
years of operation. However, it should be noted that
drainage deteriorations mostly occur due to inadequate
maintenance necessitated by economic reasons.

Land drainage can be maintained properly only
when the funding is sufficient. Only 60% of drainage
deteriorations were repaired for 23.2 million € of
the state funds allocated for the maintenance of
implemented subsurface drainage systems in 1999.
Therefore the financial support for land drainage was
reduced to 11.6 million €, and only 42% of drainage
failures were eliminated in 2000. During the period
0f'2000-2001, a total of 3.9 € ha! were contributed to
the needs of land reclamation. So far the limited funds
for land reclamation have been allocated regardless of
the profitability of agricultural activities in different
regions of Lithuania.

Figure 2 gives a comparison between the income
from gross agricultural production and the state
funding for drainage maintenance in 2004. Significant
differences have been observed when comparing

Land reclamation activity and financing in Lithuania in the period of 1995-2004 fovle
Drained area, ha Funds allocated
Year total subsurface reconstruction total, € ha'!
drainage million €
1995 2298 2030 4214 43.8 14.4
1996 1354 1286 4311 39.1 12.8
1997 633 633 4037 37.1 12.2
1998 500 500 3758 37.1 12.3
1999 148 148 2822 23.2 1.7
2000 86 96 839 11.6 3.9
2001 5 5 1320 11.6 3.9
2002 0 0 1830 13.0 4.4
2003 10 10 2312 13.0 44
2004 0 0 2200 13.0 4.4

Note: as Lithuania reintroduced its national currency only in 1993, the data of the period 1991-1994 are omitted. The litas
(Lt) is the legal tender in Lithuania and is pegged to the euro (€) at 3.4528:1
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Fig. 2. The income earned from gross agricultural production in the counties of Lithuania and the state
allocations for land improvement in 2004 (Data from the Statistics Department of Lithuania and State Land
Survey Institute: Lietuvos zemés ..., 2005; Valstybinis ..., 2004).

the profit gained from agriculture and the funding
for land drainage in separate counties. The state
subsidies for land drainage make 6.0 € ha'! in Klaipéda
county with the least total revenue from agriculture
(247 € ha'), whereas only 4.4 € ha' are allocated
to Alytus county where the income (479 € ha') is
twice higher than that in Klaipéda county. The same
situation is in Marijampolé county (4.2 € ha' and
473 € ha! respectively).

The process of transition has influenced the
farming in Lithuania. It is obvious that a relatively
low income is gained from agriculture: yield of
corn was on average only 3.25 t ha' in 2004.
Calculations made by the Lithuanian Institute of
Agrarian Economics suggest that corn yield of at least
4 tha' is needed to make farming profitable (Lietuvos
zemes..., 2005). Such yield has been obtained only in
some municipalities located in the region of Middle
Lithuania. So, for the present, the efficiency of drainage
rehabilitation is very low in Lithuania. For the period
0f 1999-2001, it varied from 0.23 to 0.37 in the region
of Middle Lithuania and from only 0.15 to 0.24 or 36%
less in the rest part of the territory (Bastiene, 2002).
These rates have been calculated considering the profit
gained after the rehabilitation of drainage systems.

Under the guidance of market economy, the
efficiency of rehabilitation of deteriorated drainage
systems should be determined before allocating the
funds (Morkiinas and Saulys, 2002). In order to obtain
maximum profitability, land reclamation activity
should be oriented towards regional priorities.

Modeling of the financing of state-owned

land reclamation structures
In 1997-1999, a group of advisers from the
European Union (the Netherlands and Germany)
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implemented an EU-PHARE Program and an
executive Lithuanian Land Reclamation Project.
The optimal costs for operation and maintenance of
drainage systems were estimated at 15 € ha'! for ditch
maintenance and 13.6 € ha! for subsurface drainage
on average (Offringa et al., 1999). According to these
calculations, 85.3 million € are required annually for
the maintenance of drainage structures in 2.98 million
ha of drained land. However, allocation from the state
funds has amounted to 13 million € during the past
four years (2002-2005), i.e., 4.4 € ha! or 15.2% of the
sum required according to the EU-PHARE Project.

The EU Directive on the establishment of a
framework for Community action in the field of
water policy (2000/60/EC) requires that a new model
of agricultural drainage management and financing
be developed. Statistical estimation shows that until
the year 2005, state subsidies for land reclamation
mainly have been allocated considering the residual
value and depreciation of drainage structures in the
territories of municipalities (r = 0.92-0.98) (Lietuvos
Respublikos ..., 2003). Taking into consideration the
high value of state investments required for ensuring
steady operation of land drainage, it is important to
reject the funds allocated on equality principles and
give preference to the regions where the maintenance,
repair and renovation of these structures are more
efficient.

Due to the non-homogeneous texture and fertility
of topsoil layer, the regional income from agricultural
subjects as well as draining efficiency is different
(Fig. 3). It is estimated that income from crop
production in rich soils exceeds that in poor soils 3.5
times. Gross crop production has reached 510 € ha'! in
localities where soil rating exceeds 40 points and has
decreased to 283 € ha! where soil rating is lower than

LLU Raksti 18 (313), 2007; 17-24



N. Bastiené, V. Saulys

Maintenance and Financing of Land Drainage in Lithuania

400

300

200

100

Income, EUR ha''

0

28 32 36

40 44 48 52

Soil rating points

Fig. 3. Dependence of a farmer’s income from gross agricultural production (solid line) and
crop production (dashed line) on land productivity (Data from the Lithuanian Institute of
Agrarian Economics: Lietuvos zemés ..., 2005).

35 points (marketable plant growing is payable only
in regions where soil rating exceeds the mean value of
39 points) (Lietuvos zemés ..., 2005).

Land reclamation practices aim at increasing the
soil productivity, however, drainage does not increase
the land quality equally. Drained soils with hypergleyic
loamy or clayey texture (Hyperglei-Calcaric Gleysols)
have gotthe highest evaluation—24 points. The Calcari-
Hypogleyic Luvisols and Calcari-Gleyic Cambisols
with sandy loam texture have been evaluated at 10-
15 points after draining. Sandy soils with gleyzation
features after draining have improved only by 3 points
(Juodis et al., 2001). The greatest increase in soil
productivity has been observed in middle Lithuania,
where agricultural development is most intensive. A
properly functioning drainage therefore is particularly
important for this region. Whereas land productivity in
Lithuania much depends on the water regime control
(drainage), the financing for land drainage should be
adjusted in respect of how much those means have
increased the land productivity.

Maintenance of drainage systems becomes
problematic and even useless if the land has no owner
or lies fallow. Analyzing the rural development
tendencies of the last years, it has been observed that
the area of abandoned land is constantly increasing
(Brusokaité-Stravinskiené, 2002) and in different
municipalities varies from 0.2 to 17.9% (Lietuvos
statistikos ..., 2003). Considering the fact that it is
not economically feasible to allocate funds for land
drainage in abandoned land, this parameter should
be regarded as one of the evaluation criteria when
allocating the budget subsidies.

On the basis of these considerations, four possible
scenarios of reallocation of state subsidies for land
drainage are distinguished:
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scenario I — subsidies allocated considering the
residual value and depreciation of state-owned land
drainage structures in the territories of municipalities
(base subsidies — F{;). );
scenario II — base subsidies adjusted according to
the increased land productivity due to water regime
control (F; n, );
scenario III — base subsidies adjusted according
to the area of abandoned land in municipalities
(F ()3
scenario IV — base subsidies adjusted according to
both criteria (increased land productivity and the area
of abandoned land in municipalities — F( ), )-
According to scenario I, base subsidies for
different municipalities are calculated and allocated
by the following equation:

F(I)i :kvi “Srec » (1
where F() — base subsidies for land reclamation for
the i"" municipality;

share of special subsidies for the
maintenance, repair and reconstruction
of land drainage;

coefficient assessing the residual value
and depreciation of
land drainage structures in the i
municipality. This coefficient
is calculated by the following equation:

Srec -

D.
V, -t
' 100- D,
YT o,

i

ZV“ 100-D, ° 2)
i=1
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where V. — residual ~ value of  state-owned
drainage structures located in the i
municipality;
D; — depreciation of drainage structures in
the i municipality in percent.
According to scenario II, adjusted subsidies for
the municipalities are calculated by the following
equation:

)

where kg; — coefficient assessing the

increased land productivity due
to water regime control in the i
municipality. This coefficient
is calculated by the following
equation:
BI’EC' :
_ i
Kei = ZF(l)i ’
i=1
D Breg ! @)

i=1
where B, — increasedlandproductivity(insoilrating
points) due to water regime control in
the i"" municipality.
According to scenario III, adjusted subsidies for
the i municipality are calculated by the following
equation:

)

abandoned
municipality.
calculated

coefficient  assessing
land areas in the i
This  coefficient is
by the following equation:

where k A~

25
der;
— A
ag;
k.'l = A:.’w; - = N
A:h’rf

(6)

—area of abandoned land in the i"
municipality, ha;
Aag‘_ — area of agricultural land in the i
municipality, ha;
Ader; — mean value of abandoned land in the
countryinpercent(about5.2%intheyear
2003).
When allocating the funds according toscenario IV,
a certain part of base subsidies is adjusted considering
the increased land productivity due to water regime
control. The other part of subsidies is regulated
basing on abandoned land areas in municipalities. In
that case, adjusted subsidies for the i"" municipality
will be the sum of the above-mentioned values of the
equations (3) and (5):

F;n':, = F;m, +F;m;, :

where Agg,

(7

On the basis of the given algorithm, a special
“MS Excel 2000” program was created to calculate
all possible variants of the adjustment of state
subsidies (calculations can be done in any currency).
When calculating according to scenario II, regions
where drainage increases land productivity by
12 points, get 15-50% lower state subsidies,
whereas regions where land productivity increases

Table 2

Reallocation of state subsidies for maintenance of land drainage considering regional priorities
(based on the data of 2003)

Scenario 11? Scenario 11 Scenario IV
Regions" Indexes of base subsidies
Max Min AV£SD? Max Min AV+SD Max Min AV+SD
1 1.49 1.25 1.36+0.08 1.36 1.17 1.25+0.05 1.40 1.08 1.24+0.10
2 1.15 0.87 | 0.99+0.09 | 1.16 0.71 1.00+0.13 1.06 0.95 | 1.00+0.04
3 0.86 0.50 | 0.76+0.09 | 0.67 0.12 | 0.44+0.16 | 0.93 0.38 | 0.71+0.17

Notes: V1 — the region of fertile soils (Middle Lithuania) where efficiency of land drainage exceeds the average value in
the country; 2 — the region where land productivity and the area of abandoned land in municipalities corresponds to the
average value in the country or slightly differs from it; 3 — the region of poor soils where the area of abandoned land exceeds

the average value in the country.
? Financing according to scenario I equals 1.
) AV — average value in the region, SD — standard deviation.
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by 18-21 points, get 125-149% higher subsidies
(Table 2). When calculating according to scenario
111, state subsidies are reduced as the abandoned land
area in the municipality exceeds the mean value in
the country. When abandoned land area is less than
the mean value, the funding is increased. It should
be noted that there can be many transitional variants
between scenarios II and III.

To achieve more benefits from the drainage
systems, maintenance of land drainage must be
financed considering both factors without giving
priority to any of them (scenario IV). In that case,
several financing variants may be applied, depending
on the reallocated part of subsidies due to increased
land productivity (B, ) and abandoned land area
(Ager, )- Basing on the indexes given in Table 2,
subsidies for any selected scenario can be calculated.
Applying the suggested methodology, the base
subsidies would increase up to 140% in the region of
Middle Lithuania where land drainage operation plays
a significant role in the development of agriculture
and the efficiency of funding is high. In the territory
where poor soils are prevailing, land productivity is
low and land drainage is less significant, the base
subsidies would be reduced by about 29+17%. For
municipalities where drainage increases the land
productivity approximately by 14.5 points, the
adjustment of base subsidies is changing only by +4%
on average.

Conclusions

1. The greatest part (63%) of subsurface drainage
in Lithuania exceeds the useful lifetime of
30 years. Approximately 20-25 thousand hectares
of drained land yearly become unsuitable for
agricultural development due to imperfect
drainage.

2. Deteriorations in land drainage quality are mostly
due to economic reasons in Lithuania. The
amount of 4.4 € ha'! allocated for land reclamation
needs in the past four years (2002-2005) is only
15.2% of the sum required according to the
EU-PHARE Project.

3. Theexpedienceofinvestmentsinlandreclamation
is determined by climate conditions and soil
fertility of the regions. The most productive areas
are situated in the region of Middle Lithuania.
The efficiency of renovation of the implemented
drainage systems is 36% higher in this region
than in the rest part of the territory.

4. The methodology for reallocating subsidies for
land drainage should be in line with the economic
prospects. In conformity with the land productivity
and abandoned land areas in the territories of
municipalities, the base subsidies would increase
to 140% or would be reduced to 38%.
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Anotacija

Raksta analiz€ta pasreizgja situacija zemes melioracijas sektora Lietuva, ka arT lauksaimniecibas
zemju nosusinasanas sistému apsaimniekosana tirgus ekonomikas apstaklos. Zemes nosusinasanas
praksei Lietuvas lauksaimnieciba ir nozimiga loma. L1dz 2004. gadam apm&ram 2.98 miljoni hektaru
(85.5%) lauksaimniecibas zemju bija nosusinatas. Lai gan privatipasuma tiesibas uz zemi Lietuva
tika atjaunotas 1990. gada, zemes nosusinasanas struktiiru privatizacija netika uzsakta vienlaicigi
ar zemes reformu. Ta ka nosusinasanas sistémas ir ieklautas valsts pasuma, to uzturéSanu finanse
valsts. Sakara ar o sist€mu pastavigo nolieto§anos pieskirtais finansgjums (vidgji tikai 4.4 € ha’!
gada) nebiit nav pietiekams, tadel subsidiju pieskirSanai izstradati Cetri projekti. Pielietojot ieteikto
metodologiju, prioritate tiktu dota rajoniem ar augstako ienakumu no lauksaimniecibas. Tadg]
Lietuvas vidieng, kur tidens rezima kontrole ir ienesiga, pasreiz€jas subsidijas zemes nosusinasanai
paaugstinatos par indeksu 1.24+0.10. Savukart teritorija, kur zemes produktivitate ir zema un pamesto
zemju procentuali ir vairak neka vidgji valsti, finans€jums samazinatos par indeksu 0.7140.17.
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Biological Value Changes in Wheat, Rye and Hull-less Barley Grain
During Biological Activation Time
Kviesu, kailgraudu mieZu un rudzu graudu biologiskas vértibas izmainas
biologiskas aktiveSanas laika
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Abstract. Cereal products are the main part of human diet, as they contain high amount of proteins,
carbohydrates, vitamins, and dietary fibre. Germinated seeds, grain and grain germs have already been
used in food since ancient times. Biologically activated grain application is a new direction in white bread
technology. The aim of the investigation was to determine the optimal wheat grain activation parameters
and study the changes of biological composition in wheat, hull-less barley, and rye grain during activation
process. Wheat, rye and hull-less barley grain were biologically activated with the purpose of adding such
grain to wheat dough and of increasing biological value of wheat bread. It was found that the optimal
grain biological activation parameters were: relative air humidity — 80+1%, temperature — +34+1°C, and
time — 24+1 h. The quality of gluten in wheat grain became unsatisfactory during the grain activation of up
to 36 h due to the occurrence of intense dissimilation processes during activation time. Gluten was found
neither in activated nor in inactivated rye and hull-less barley grain. The content of dietary fibre, vitamins B,
E and niacin increased and vitamin C synthesized during the grain activation time. Compared to inactivated
grain samples, activated hull-less barley grain showed an increase in glycosamin content, i.e., by 4.7 times,
while in rye and wheat grain the content of glycosamin increased only 1.7 times. The developed mathematical
model demonstrates that the change in the falling number value during grain activation depends on the grain
activation time.

Key words: biological activation, hull-less barley grain, gluten, dietary fibre, air humidity.

Introduction (o- and B-amylases), proteolytic enzymes,

Cereal products are the main part of human diet, as
they contain high amount of proteins, carbohydrates,
vitamins of group B, and dietary fibre. Germinated
seeds, grain and grain germs have already been used
in food since ancient times. Vitamin C was found in
soybean’s germ in 1782, as a result such grains were
used for the treatment of scurvy (Nocker, 1995).

The literature provides a description of some
examples on the use of germinated wheat grain in
bread and confectionary industry (Xomepckas, 1995,
1998; Djaéenko, 2002; Xomepckasi, 2004).

The results of researches show that germinated
grain is a healthy product and, if such grain is used
in conventional food, it would intensify metabolism,
strengthen immunity, compensate deficiency of
vitamins and mineral substances, and normalize acid
and alkali balance.”

The activity of
during  germination:

increases
enzymes

enzymes
endohydrolase

diphenoloxsydase, and catalyse are activated. Stability
of gluten depends on the amount of formed disulfide
bonds (-S-S-) and on disulfide bonds correlation with
the sulfhydryl groups (-SH-) (KasakoB, KperoBuu,
1989; Hugh et al., 1998).

Protein content in wheat grain varies between
7-20% from the total dry matter content (Kulp
et al., 2000). Whereas composition of amino acids
is a very important aspect for wheat grain. The
amount of amino acids is higher in the central part of
a grain compared to periphery. The aleurone protein
has a higher food value compared to protein of
endosperm (KazakoB, KpetoBuu, 1989; Johansson,
1995; MacRitchie, 1999; Tanacs et al., 1994).
Gluten content is the most important part of wheat
albumen.

In rye grain, the protein content (9-20% from total
dry matter) is lower, whereas that of essential amino
acids — by 1.5 times higher (lysine and threonine)

* WBanos, C.I', Hlackonsckas, H.JI., Xapnamosa, A.H. (2005) O30oposumensuvie coticmea npopoueHHbIX ceMan
u a¢hpexmusnocmo nevenus nayuenmos, cmpaoaiowux xponuyeckum cenamumom « Cy, npopoweHHbiMU ceMeHamu
pacmoponuiu. JlokazarenbHast MmeauiuHa: http://newmedt.ru/atat12.php — acessed on 27.09.2005.
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compared to wheat grain (Ka3akos, Kapmmienko,
2005; Lasztity, 1996).

Rye grain starch gelatinization temperature is lower
(+52 — +55 °C) compared to wheat grain. The amount
of riboflavin and vitamin E in rye grain is higher.
Physical properties of rye grain gluten are similar
to those of wheat grain — it is with lower elasticity
and stability. Gluten content in rye grain makes up
40% from the total amount of protein. The biggest
part of rye grain albumen dissolves in water and
low-concentration salt dilutions. The increase in
glutenin amount promotes strengthening of gluten
(Kazakos, KpetoBud, 1989).

In food industry, hull-less barley is considered
as more valuable and more economical compared
to flaky barley. The hull-less barley flour has a little
darker colour because, compared to flour from soft
wheat, it has a higher ash value and a higher protein
and B-glucans content. Soluble dietary fiber, mainly
B-glucans, provides a promoted viscosity. As a
result, digestion, cholesterol and fat absorption are
decreased (Bhatty, 1999; Bengtsson et al., 1990;
Newman, Newman, 1991; Belicka, Bleidere, 2005;
Legzdina, 2003). Compared to wheat and rye grain,
the highest content of natural antioxidants (copherol
and tocotrienols) and vitamin E is established in barley
grain. Protein content in hull-less barley grain is from
9 to 20% from total dry matter (Shewry, 1993). The
properties of barley gluten, similarly to rye grain
gluten, are similar to those of wheat grain gluten
with poor quality. The proteolytic enzyme paphain
activity deteriorates the quality of gluten (Ka3axos,
KpetoBud, 1989).

Total sugar content is approximately % from total
dry matter in wheat, rye, and hull-less barley grain.

Information can be found in the literature that the
biological value of grain is increased during the grain
germination time. No data was found on the changes
in physical and chemical composition of rye and
hull-les barley grain, especially during the activation
time in various activation stages, therefore it is
necessary to determine the optimum grain biological
activation time when grain has the highest biological
value but its structure has not considerably changed.

The purpose of this research was to study the
changes in physical-chemical and biological properties
in rye, wheat, and hull-less barley grain during the
biological activation process.

The objectives were:

- to determine experimentally the optimal
parameters for grain activation — temperature,
relative air humidity, and activation time;

- toinvestigate the qualitative changes in grain
during the biological activation process.

* Dzerama udens

obligatas nekaitiguma un kvalitates prasibas,

Materials and Methods

For the research the following materials were used:
wheat grain (variety ‘Kontrast’), rye grain (variety
‘Voshod’) harvested in 2003 by the limited liability
company ,,Zelta varpa 57, and hull-less barley grain
cultivated at Priekuli Plant Breeding Station in Latvia
and harvested in 2004, as well as drinking water
for grain rinsing and steeping in compliance with
Regulations No. 235 of the Cabinet of the Republic of
Latvia ,,Compulsory Requirements for Harmlessness
of Drinking Water”, 2003,

Grain was washed (H,0 t = +20+1 °C) and wetted
(H,0 t = +20£1 °C, © = 2441 h). Grain biological
activation was performed in the climatic chamber
at temperatures (t) +25£1, +30+1, and +35+1 °C at
constant relative air humidity (¢) of 80+1% for up to
36 hours (h).

For determination of the quality of raw materials,
standard methods were used.

Grain moisture was determined by the standard
method LVS 272.

The content of gluten was determined by the
standard Perten method LVS 275 and using the
equipment ,,Glutomatic”.

Changes in the falling
grain were determined by
Hagberg-Perten method LVS 274.

Fat content was determined by the standard
method ISO 6492 using the equipment ,Biichi
Extraction System B-811”.

Dietary fibre content was determined by the
standard method ISO 5498 using the equipment
,Fibertec system 1010 Heat Extractor”.

Total protein content was determined by the
standard method AACC 46-20 by means of a Kjeldahl
method.

Total sugar content was determined by the
standard Bertran method. The combustion of keton
group boiling solution with Felling reagent forms the
base of this method.

The content of amino acids was determined by the
chromatographic method using the amino acid analyser
,Mikrotechna AAA 831” (Kozapenko u dp., 1981).

Vitamin C content was determined by the
Tillman’s method. The method is based on the
extraction of L-ascorbic acid from the analysing
material by means of the oxalic acid and conversion
of 2.6-dichlorphenolindophenol into dehydroascorbic
acid (Matiseks, Snépels, 1998).

Niacin content was determined by the method
of Stepanova using a photoelectrocolorymeter
(Hecrepona, 1967).

Vitamin B, content was determined by means of
the fluorometer ,,Specol 11 in compliance with the

number in
the standard

monitoringa un kontroles kartiba (2006):

http://www.likumi.lv/doc.php?id=75442 — accessed on 18.12.2006.
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Table 1
Characterisation of grain activation parameters
e=80+1% ©=80+1% e=80%+1%
1=24t1h 1=24x1h t=24+1h
t=+25+1°C t=+30+1°C t=+434+1°C
Type of : , :
grain o 2 =] 3 d 3
2 = 2 = 2 =
= < .2 = .2 o -2 =3 2 C o
o =S & s~ ) =S & =S ) =~ -3 =S
& z & z & z
=] = -
Rye 75 25 85 15 88 12
tull-less 70 30 75 25 80 20
barley
Wheat 69 31 88 12 91 8

Jansen’s method by the modification of Jelesejeva
(Matiseks, Snépels, 1998).

Vitamin B, was determined by means of the
fluorometer ,,Specol 11 according to the method
of Povolocka and Skorobogatova (Hectepoga,
1967).

Determination of the amount of vitamin E is
based on the ability of tocopherol to oxidise. Vitamin
E was oxidized with FeCl,, while iron — with o.- and
ol-dipiridil (Bansamasn u jp., 1993).

Glycosamin content was determined by
means of the amino acid analyser ,Mikrotechna
AAA 831”. A new determination method was
developed: N-acethylglucosamin at the ratio of 1 : 1
was added to grain extract, as a result of which the
subsequent peak between amino acid tyrosine and
histidine was assumed as glycosamin.

Results and Discussion

The research proved that optimal grain biological
activation parameters in the climatic chamber were:
¢ = 80£1%, t = +3441 °C, and activation time — up
to 36 hours. The characterisation of grain activation
parameters is shown in Table 1.

Prior to the experiments, the value of grain falling
number was 493 s for hull-less barley, 460 s for
wheat, and 173 s for rye grain. The falling number for
all kinds of grain was 62 s after grain activation for 36
hours. Such changes can be explained by biochemical
reactions occurring in grain during activation as a high
activity of o- and B-amylase enzymes are observed
(Ruza, 2001), as a result of which starch is split.

Qualitative and quantitative changes in gluten.
Inactivated wheat grain and grain activated for 12,
24, and 36 hours were tested. Qualitative gluten was
not found in the rye and hull-less barley grain. It
was observed that the amount of dry gluten in wheat
grain activated for 24 hours decreased 6.7 times,
gluten index — 2.5 times, and gluten hydratation

LLU Raksti 18 (313), 2007; 25-33

properties — 1.2 times. After wheat grain activation
for 36 hours, gluten was not detected. This can be
explained by the dissimilation processes during grain
activation time and by the decrease in protein content.
Therefore in order to obtain good quality gluten, grain
activation time should not exceed 24 h. This can be
mainly explained by the increased amount of gliadin,
as well as by the decreased correlation between
disulphide bonds and -SH- groups in activated rye
grain and by enzyme paphain activity in hull-less
barley grain (KasakoB, Kperosmu, 1989; Hugh
et al., 1998).

Changes in fat content during grain activation.
Changes in fat content were not considerable during
the biological activation time. The activity of
3-acethylglucerolliphase and lipoxigenesis enzymes
increased during the grain activation time for up to 24
hours, compared to the inactivated grain samples.

Changes in total protein content. Proteins were
split by proteolytic enzymes, as a result of which
the total protein content decreased during the grain
activation time. During the grain activation time for up
to 24 hours, the total protein content decreased more
intensively in rye grain (9.4 times), but in wheat and
hull-less barley grain these changes were not so
significant (from 13.18 to 12.89% and from 17.35 to
12.16% accordingly) (Fig. 1).

Changes in dietary fibre content in grain during
the activation time. Dietary fibre content increased
from 2.59 to 2.83% in rye grain, from 1.64 to 2.18% in
hull-less barley grain, and from 3.22 to 3.34% in wheat
grain (Fig. 2) during activation for up to 24 hours. Such
changes can be explained by the activity of amylolytic
enzymes and splitting of cellulose and maltose.

Changes in total sugar content. The highest total
sugar content (6.00%) was determined in inactivated
rye grain which was 2.4 times higher compared to
hull-less barley grain and 1.8 times higher compared
to wheat grain.
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Fig. 1. Decrease in total protein content in grain during grain activation time.
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Fig. 2. Dynamics of dietary fibre content in grain during grain activation time.

The amount of total sugar content increased
1.3 times in hull-less barley grain, 1.2 times in rye
grain, and 2.0 times in wheat grain during the grain
activation time for up to 24 hours (Fig. 3) which can
be explained by the synthesis of carbohydrates in cell
walls of grain for grain sprout development.

Changes in vitamin content in grain during the
activation time. The amount of vitamin B, in the
activation process of wheat, rye and hull-less barley
grain considerably decreased (Fig. 4).

The decrease in vitamin B, content can be explained
by the possible metabolism and biochemical reactions
occurring during the activation time and the availability
of vitamin B, inenzyme phyrovatdecarboxylasis which
participates in the growth and splitting reactions of

28

carbohydrates occurring in grain (Kazakos, Kperosuy,
1989). During the activation for up to 24 hours, the
content of vitamin B, decreased by 32.10% in wheat
grain, by 57.78% in rye grain, and by 17.39% in
hull-less barley grain.

Contrary results were observed for the content
of vitamin B, (Fig. 5). The amount of vitamin B,
increased by 45.5% in rye grain, by 54.5% in wheat
grain, and by 88.9% in hull-less barley grain during
the activation time for up to 24 hours. The increase
of B, content in hull-less barley and wheat grain was
very similar. As inactivated rye grain is richer in the
content of vitamin B, compared to inactivated wheat
and hull-less barley grain, the increase in vitamin B,
amount was more pronounced which can be explained
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Fig. 3. Changes in total sugars in grain during grain activation time.
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Fig. 5. Changes in vitamin B, content in grain during grain activation time.
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by the short rest period and intensive process of
metabolism occurring in rye grain.

Inactivated wheat grain was richer in the content
of niacin by 70.10% compared to rye grain and by
57.23% compared to hull-less barley grain. The
research proved that the increase in niacin content
was more marked in hull-less barley and rye grain.
Compared to inactivated grain samples, the content
of niacin increased 1.3 times in wheat grain, 2.6 times
in rye grain, and 2.1 times in hull-less barley grain
activated for up to 24 hours.

Vitamin C was not found in inactivated grain
samples. By means of biochemical reactions, during
the activation process for up to 24 hours vitamin C
was synthesized to 71.0 mg kg'in wheat grain, to
69.4 mg kg'! in rye grain, and to 26.9 mg kg in hull-
less barley grain.

The increase of the amount of vitamin E in wheat
and rye grain during the activation process was similar.

35
304

254
Irreplaceable ,,
amino acid
content,

g kg

Grain activation time, h

RN

$

Vitamin E content increased 6.5 times in wheat grain
and 6.2 times in rye grain. The increase of vitamin E
amount in hull-less barley grain during the activation
time was not so intensive — only 1.7 times compared
to inactivated grain samples.

Changes in the content of total irreplaceable
amino acids in grain during the activation time. A
comparatively higher content of irreplaceable amino
acids was found in inactivated hull-less barley grain
(Fig. 6). The total content of amino acids decreased
by 18.8% in hull-less barley grain, by 17.4% in wheat
grain, and by 47.4% inrye grain during grain activation
time for up to 24 hours. The application of amino
acids in grain metabolism explains the decline.

Changes in the content of glycosamin. The
highest content of glycosamin was obtained in
inactivated wheat (0.23 g kg!) and rye (0.24 g kg™)
grain (Fig. 7) whereas in inactivated hull-less barley
grain —only 0.10 g kg

AN
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wheat

“\\\\\\'\\\\.\\\\

rye

24

Fig. 6. Changes in the content of total irreplaceable amino acids in grain during grain activation time.
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Fig. 7. Changes in glycosamin content in grain during grain activation time.

30

LLU Raksti 18 (313), 2007; 25-33



T. Rakcejeva et al.

Biological Value Changes in Grain During Biological Activation Time

A comparatively higher increase of glycosamin
was observed in hull-less barley (4.7 times) grain
during activation for up to 24 hours, while in rye and
wheat grain the amount of glycosamin increased only
1.7 times.

Glycosamin as a biologically active compound
forms a part of glycopeptides and thus acts as a
mediator of the human immunity system. Therefore
addition of glycosamin-containing grain to dough
increases the biological value of bread.

Development of the mathematical model. The
mathematical model was developed on the basis of
experimental data taking into account the changes
in the value of wheat falling number during grain
activation. Duration of wheat grain activation time
was up to 36 hours. If grain activation time exceeds 36
hours, the active components (carbohydrates, protein,
and lipids) regenerate in the process of synthesis
to ensure the growth of grain therefore it can be
supposed that the speed of active component splitting
is proportional to the amount of active components.

Itisnot possible to determine the speed of biological
processes depending on grain variety and activation
parameters, but the speed of such processes can be
assumed as a constant V (as there is no information
on the kinds of processes occurring in grain). The
decrease of the grain falling number value is possible
due to the synthesis of active components.

As a result, a differential equation was
obtained (1):
dK K
—+—=V
dt

(1

where & speed of changes in the falling number
value during the activation time, s;
K - falling number, s;
T — time constant of the process;

500 -
450

400
350
300 -
250 +
200
150
100
50 4

Falling number,
s

12

18

V —speed of active component synthesis
calculated through the speed changes in
the falling number.

Initial term of the differential equation is:

K t:OzKO’ (2)

where K — initial value of the falling number, s.

The differential equation is the linear preferential
ordinal, non-homogeneous differential equation
with constant coefficients, which may be solved by
means of Euler’s method. The solution of problems
(1 and 2) is shown in formula 3:

t

Kt)=(K,-t-V)-e *+1-V 3)

where K(t) — dependence of the falling number on the
activation time;
t— time, h;
e — base of the natural logarithm.

To determine coefficients V and t in equation 3,
the least square method of equation 3 is applied to the
equation developed further. Using the experimental
data, the sum is completed (4):

S= Z E‘(r*—\.ﬂ*{r)" —K.,(f),] =

‘ == Z [Kl"\.\fr(’)a' _({K“ —T ‘V)'(.’"t +T V}
‘ )

where S — sum of squares;
Keksp(t)i — experimental value of the falling number
depending on the activation time;
K1), — theoretical value of the falling number
depending on the activation time.
@ cxperimental data
— theoretical data
24 30 36

Activation time, h

Fig. 8. The curve for the changes in theoretical and practical falling number value in

wheat grain during grain activation time.
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The Solver software was used for the sum (4)

minimalization.

The coefficients V (7.13) and t (7.63) were

determined by means of experimentally ascertained
data and sum 4.

As a result, the changes in the theoretical falling

number value in wheat grain during the activation time
were calculated and a theoretical curve was obtained
(Fig. 8). The designed mathematical model is suitable
to predict the falling number value not only of wheat
but of other grain too.

Conclusions
1. The research proved that optimal grain
biological activation parameters are:

¢ = 80+1%, t =+34+1°C, and t = 2441 h.

The quality of gluten in wheat grain becomes
unsatisfactory during grain activation for up to 36
h due to the occurrence of intensive dissimilation
processes during the activation time. As a result,
the content of total protein decreases. Gluten is
found neither in activated nor in inactivated rye
and hull-less barley grain.

Intensive biochemical processes occur during
grain activation time, as a result of which grain
biological value increases — the content of
vitamins B,, E and niacin, of total sugars, dietary
fibre and of glycosamin increases, vitamin C
is synthesized, and the content of irreplaceable
amino acids decreases.

The designed mathematical model is suitable
to predict the falling number value not only of
wheat but of other grain too.
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Anotacija

Graudaugu produkti ir cilvéku uztura pamats, jo ar oglhidratiem un olbaltumvielam, ko tie satur, tick uznemtas
gandriz divas treSdalas diena nepieciesamo kaloriju, turklat tie ir svarigs vitaminu un Skiedrvielu avots.
Diedzgtas seklas, graudi un graudu diglisi uztura tiek izmantoti jau kop$ seniem laikiem. Biologiski aktivétu
graudu piedeva kvieSu miklai paaugstina tas kvalitati un tadgjadi iespgjams ieglt biologiski augstveértigu
produktu. Darba mérkis bija izpétit rudzu, kviesu un kailgraudu miezu graudu izmainas biologiskas aktivéSanas
laika un noteikt graudu aktivéSanas optimalos apstaklus. P&tijumos tika noteikts, ka graudu optimalie
biologiskas aktivésanas apstakli ir: relativais gaisa mitrums — 80+1%, temperatiira — +34+1 °C, laiks — 24+1
h. Turpinot graudu aktivésanu Iidz 36 h, kvieSiem lipekla kvalitate intensivi notickos$o disimilacijas procesu
del pasliktingjas. No rudziem un kailgraudu mieziem lipekli iegiit neizdevas. Biologiskas aktivésanas laika
graudos palielinajas Skiedrvielu, vitaminu B,, E un niacina daudzums, un sintezgjas C vitamins. Salidzinot ar
neaktivétiem graudiem, glikozamina saturs visstraujak, t.i., 4.7 reizes, paliclingjas aktivétos kailgraudu mieZos,
bet rudzos un kvieSos — tikai 1.7 reizes. Izstradatais matematiskais modelis raksturo kriSanas skaitla vértibas
izmainas graudu biologiskas aktivéSanas laika atkariba no aktivés$anas ilguma.

LLU Raksti 18 (313), 2007; 25-33 33



D. Jonkus, L. Paura Govju piena produktivitates mainibu ietekmejoso faktoru analize

Govju piena produktivitates mainibu ietekméjoso faktoru analize
Analysis of Factors Affecting Cows Milk Productivity Traits Variation

Daina Jonkus
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Liga Paura
LLU Vadibas sistemu katedra, e-pasts: Liga.Paura@llu.lv
Department of Control Systems, LLU, e-mail: Liga.Paura@llu.lv

Abstract. The research was organized in the training and research farm “Vecauce” of the Latvia University
of Agriculture. The trials were conducted during pasture period and lasted for 30 days — from 13 July till
11 August, 2001, and were repeated from 18 July till 16 August, 2002. The sample group included 70 clinically
healthy Latvian brown dairy cows in different lactations. The main research interest was paid to the analysis
of the variations in cow milk productivity traits by assessing the influence of particular physiological factors
of an animal’s organism and that of environmental factors. Milk productivity traits with the highest value
of variation coefficient proved to be milk yield (Cv = 9.8 — 10.0%) and fat content (Cv = 8.8 — 11.2%).
The protein content varied from 4.3 to 4.5%. The trait with the lowest variation was the lactose content
(Cv=2.1-3.9%), whereas milk yield and protein content showed the highest values of repeatability coefficient
-1,=0.73-0.84 and r = 0.72 — 0.73 respectively. The content of fat and lactose were less stable exhibiting
the lowest coefficient of repeatability —r = 0.32 —0.50 and r_ = 0.52 — 0.59 respectively. Between days of the
pasture period, statistically significant fluctuations in milk yield were observed under the influence of external

environmental factors (p<0.05).

Key words: dairy cows, milk productivity traits, variation.

levads

Piena lopkopiba Latvija ir viena no
lauksaimniecibas pamatnozarém. Piena razoSanai ir
nepiecieSamas govis, kuram bitu genétiski noteikta
augsta potenciala piena produktivitate. Lai iegiitu
$adus dzivniekus, noteicosais ir ciltsdarbs. Ciltsdarbs
ir zootehnisko pasakumu komplekss merktiecigai
dzivnieku genétisko un saimnieciski derigo Ipasibu
izkopsanai, kura ietilpst to pareiza izaudz&S$ana, izlase
un atlase, &dinasana, turéSana, kopSana un uzskaite
(Ciltsdarba normativie dokumenti, 1998).

Ciltsdarba efektivitate ir atkariga no govju piena
produktivitates precizas kontroles un uzskaites
jeb govju parraudzibas. Parraudziba dod iespgju
noskaidrot razigakas govis, izslégt no ganampulka
mazrazigas, organizét govju &dinasanu atbilstosi to
fiziologiskajam stavoklim un produktivitates Ilimenim.
Parraudzibas darbu valsti organizé péc vienotiem
Starptautiskas dzivnieku parraudzibas komitejas
(ICAR) noteikumiem, kuri paredz, ka parraudziba
govim javeic individuala izslaukuma uzskaite un
piena sastava analize. No piena sastava jaanalize
piena tauku un olbaltumvielu % dala. Katra valsts var
izveleties analiz@t arT citus raditajus, kurus ta uzskata
par nozimigiem ciltsdarba.

Piena produktivitates pazimju precizu zootehnisko
uzskaiti govju ganampulka apgriitina So pazimju
mainiba, ko izraisa organisma fiziologisko un vides
faktoru mijiedarbiba.

34

Teorétiski govju piena razotsp&ja laktacija pilniba
var izpausties tikai tad, ja dzivnieks biologisko
sp&ju robezas var razot pienu bez neplanotam
piena produktivitates izmainam. Sadas neplanotas,
1slaicigas govju piena produktivitates izmainas, kad
piena daudzums un sastavs mainas diennakts laika,
var izraisit virkne dazadu faktoru: izmainas ikdienas
baribas deva, dzerama udens trikums, krasa laika
apstaklu maina, nepilniga izslaukSana, slaukSanas
laika maina, govs mekl&Sanas, ka arf citi apstakli, kas
rada dzivniekam stresu. Dazadu faktoru ietekmi uz
izslaukumu un piena galveno sastavdalu — tauku un
olbaltumvielu — daudzuma izmainam péetijusi daudzi
autori (Rossow et al., 1990; Huth, 1995 u. c.).

Dazados laika posmos govju piena produktivitate
arl Latvija ir plasi pétita (Laivipa, 1956; Calitis
u.c., 1977; Strautmanis, 1984; Paura, 1999). Tomér
Latvijas apstaklos ir maz p&tijjumu par govju piena
produktivitates izmainam 1sa laika perioda. Tadgl
petijuma darba galvena uzmaniba versta uz Latvijas
briinas Skirnes govju piena produktivitates pazimju
mainibas analizi, novert§jot atsevisku organisma
fiziologisko un argjas vides faktoru ietekmi.

Materials un metodes

Petfjuma vieta — LLU macibu un pétijumu
saimnieciba (MPS) “Vecauce®. [zméginajumu veica
30 dienu laika — ganibu perioda 2001. gada no 13.
julija Iidz 11. augustam. To atkartoja 2002. gada no
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18. jilija Iidz 16. augustam. Paraugkopa ieklavam
vienas kopg&jas apriipé esoSas dazadu laktaciju
klniski veselas Latvijas briinas Skirnes slaucamas
govis. Pirmaja pétijuma gada ganibu perioda
analiz€ja 2211, un pétijumu atkartojot péc gada —
1988 piena paraugus.

P&tfjuma grupas govju vidgjais vecums pirmaja un
otraja petjjuma gada atSkiras nenozimigi (2.7 un 3.0
laktacijas).

Petjums  notika  saimnieciskas  darbibas
apstaklos, visam pétljuma grupas govim nodrosinot
vienadu turéSanas un &dinaSanas tehnologiju.
Govju &dinasanai izmantoja saimnieciba paSrazotu
lopbaribu, spekbaribu norméja atkariba no govju
produktivitates. Dzeramo tdeni govis uznema brivi,
no automatiskajam dzirdném.

Ganibu perioda abos pétjuma gados govju
baribas deva sastavéja no kultivéto ganibu zales,
zalbaribas un sp&kbaribas, kuras daudzums bija 150 g
uz katru razota piena kilogramu. P&c rita slaukSanas,
ap plkst. 6.00, govis devas ganibas, kur tas uzturgjas
lidz p&cpusdienas slaukSanai, plkst. 16.00, ganibas
uznemot 40-60 kg zales.

Lopbaribas paraugi no izbarotajiem baribas
lidzekliem katra p&tfjuma perioda nemti vienu reizi
un attiecinati uz visu pétijuma periodu. Lopbaribas
paraugi Kkimiski analizé€ti LLU Agronomisko
analizu zinatniskaja laboratorija. Kopproteina satura
noteikSanai izmantota Kjeldala metode saskana ar
standarta ,,ISO 5983-1997” prasibam. Kokskiedras
frakciju (NDF, ADF) satura analizei un baribas
energétiskas vertibas aprékinam izmantota Van Soesta
baribas lidzeklu analizu metode (Forage Analyses
method, 4.1; 5.1; 5.2).

Petijuma periodos govim nepiecieSama baribas
vajadziba noteikta p&c sausnas, kopproteina, NDF
un energétiskas veértibas NEL daudzuma, nemot véra
govju dzivmasu (550 kg) un vidgjo produktivitati
petijuma perioda (Ositis, 1998).

Izméginajumi tika uzsakti ganibu perioda, kartgja
govju pienaparraudzibasdienafiks€jotp&tijumagrupas
govju iegiito piena daudzumu un sagatavojot piena
paraugus. Kurzemes maksligas apscklosanas stacijas
akreditéta piena kvalitates kontroles laboratorija ar
,Milko-Skan 133B” saskana ar standarta ,,ISO 9622 :
1999” prasibam piena paraugiem tika noteikts tauku,
olbaltumvielu un laktozes saturs (%).

Datu matematiska apstrade veikta, izmantojot
aprakstoSo  statistiku.  Piena  produktivitates
pazimju mainibas raksturosanai tika aprékinata
standartnovirzes attiectba pret aritmétisko vidgjo
vertibu, kas izteikta procentos, jeb variacijas
koeficienti (Cv). Variacijas koeficientu salidzinasanai
izmantots Z tests.

Atkartojamibas koeficients (r ) aprekinats, lai
noskaidrotu, cik cieSa sakariba ir starp atkartotiem
mérijumiem Tsa laika perioda. Abos pétijuma gados

LLU Raksti 18 (313), 2007; 34-44

atkartojamibas koeficients noteikts ka ieksklasu

(intraclass)  korelacijas  koeficients  (Falconer,
Mackay, 1996):
o
o 2b +0 2e , (1)

kur r = — atkartojamibas koeficients;

2
O "b _starpgrupu dispersija (starp govim);
2
0 “e _jek3grupu dispersija (vienas govs
ietvaros).
Dispersija starp govim aprékinata, izmantojot
dispersijas analizg iegiitos vidgjos kvadratus:
2 M S 21’1 —% M S 2(.
Cp=—"T"
N

kur MSZb — kvadratu summa starp govim
(starpgrupu);
MS?e — klidas kvadratu summa (icksgrupu);

) 2

N — pétijuma dienu skaits;
() 2e - MSZQ .

Lai noskaidrotu faktorus, kuri batiski ietekmé&ja
piena produktivitates pazimju izmainas, izmantots
daudzfaktoru linearais modelis GLM (General linear
model). Modelis, kura ieklauti fiksétie faktori, attiecas
uz i-to dzivnieku j-taja fiks€to faktoru klas€ (Falconer,
Mackay, 1996):

y:’.r'.k.fmunpr =u + ar‘ i L;‘ + LF:{ + ‘(G! + LFGH: +
i + SEH + Go + PS;J +TM r + eiﬁ'.l'muu;u' , (3)
kur Y itmnopr — i-ta dzivnieka pazimes fenotipiska
vertiba;

p — generalkopas vidéja vertiba;

a, — randomais  dzivnieka  genétiskais
efekts (i= 1-74 un i =1-66);
€ikdmnopr atlikuma ietekmes faktori
' (1. tabula).

Modelt iek]auto faktoru ticamiba noteikta pie
butiskuma Iltmepa o=0.05; 0.01; 0.001. Faktoru
ietekme novertéta ka butiska, ja p < a. Noteikta
determinacijas koeficienta (R?) veértiba, kas rada, par
cik procentiem izv€letais modelis izskaidro pétitas
pazimes izkliedi.

Datu matematiska apstrade veikta ar ,,MS Excel”
un ,,SPSS 11.0” programmu paketi (Backhaus et al.,
2000).

Rezultati un diskusija

Izm&ginajuma laika, ik dienas nosakot govju
izslaukumu un analiz§ot piena paraugus, tika
noskaidrota pétijuma grupas govju vidéja piena
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1. tabula / Table 1

Modeli ieklautie kvalitativie faktori ganibu perioda
Qualitative factors in pasture period included in the model

Modeli ieklautie faktori / g = Faktora gradaciju klases /
Factors included in the model 'g 'g Gradation classes of the factor
.g =
<
Laktacija / Lactation L j=13
Laktacijas faze / Lactation phase LF, k=1-3
Izslaukuma grupa / Milk yield group IG, 1=1-3
Laktacijas, laktacijas fazes un izslaukuma grupas m=1-16
mijiedarbiba / Interaction between lactation, LFG_ ml= 1_14
lactation phase and milk yield group 2
Meklesanas / Heating time SE, n=1-3
Ganibas / Pasture G, o=1-13
Piebarosana / Supplementary rough forage PS, p,=1-7 p,=1-5
Gaisa temperatiira un relativais gaisa mitrums / _ _
Air temperature and humidity ™, n=1-9 =118

m, p,. 1, — faktora gradacijas klaSu skaits 2001. gada / gradation classes of the factor in the year 2001
m, p, 1, — faktora gradacijas klaSu skaits 2002. gada / gradation classes of the factor in the year 2002

2. tabula / Table 2

Péetijuma grupas govju vidéja, maksimala un minimala piena produktivitate pétijuma laika
Average, maximum and minimum daily milk productivity in test periods

Gads / Diennakts piena produktivitate / Daily milk productivity

Pazimes / Traits Year vidgja / maksimala / minimala /
average maximum minimum

Izslaukums, kg / 2001 16.48+0.083" 17.3+0.41 15.5+0.48
Milk yield, kg 2002 17.69+0.084 " 18.6+0.48 16.8+0.44
Tauku saturs, % / 2001 4.23+0.012 4.39+0.07 3.90+0.07
Fat content, % 2002 4.17+0.018 4.58+0.08 3.78+0.07
Olbaltumvielu 2001 3.32+0.006 3.45+0.03 3.20+0.03
saturs,% / Protein content, % 2002 3.28+0.031 3.38+0.04 3.04+0.03
Laktozes saturs, % / Lactose 2001 4.93+0.005* 5.12+0.02 4,70+0.02
content, % 2002 4.80+0.005 * 4.86+0.04 4.75+0.02

2~ vidgjam piena produktivitates pazimém ar vienadiem augsrakstiem ir statistiski ticama atskiriba
abos pétijuma gados (p<0.05) / milk productivity traits marked with identical letter, differ significantly between

the years of the research (p<0.05)

produktivitate pétijjuma laika un pétijuma dienas,
kuras bija minimala un maksimala piena produktivitate
(2. tabula).

Govju vidgjais izslaukums diennakti pirma
pétijuma gada izméginajuma 30 dienas bija
16.5 kg, bet nakama gada pétijuma laika tas butiski
paaugstinajas un sasniedza 17.7 kg. Ganibu perioda
abos pétjuma gados bija dienas, kad pétijjuma
grupas govju diennakts vidg€jais izslaukums nozimigi

36

samazinajas (18. un 26. diena) vai palielinajas (24.
un 25. diena). Abos pétijuma gados starpiba starp
maksimalo un minimalo izslaukumu ganibu perioda
bija 1.8 kg (p<0.05).

Ganibu perioda pétijuma dienas mainijas ari piena
sastavs. P&tljuma grupas govju vidgjais piena tauku
saturs abos gados bitiski neatskiras (4.23 un 4.17%).
Pétijuma otraja gada starpiba starp augstako tauku
saturu (4.58%), kuru petjjuma grupas govim novéroja
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minimala izslaukuma diena (26.), un 2. diena noveroto
zemako tauku saturu (3.78%) bija butiska (0.80%
vienibas, p<0.05). Pirmaja pétijjuma gada $1 starpiba
bija 0.49% vienibas.

Pétijuma laika vid&jais olbaltumvielu saturs abos
gados ganibu perioda at$kiras nenozimigi (3.32 un
3.28%), bet statistiski ticama atskiriba bija starp otraja
pétijuma gada novéroto pétijuma grupas diennakts
maksimalo un minimalo olbaltumvielu saturu (3.38
un 3.04%, p<0.05).

Veicot laktozes satura analizi ganibu perioda,
jasecina, ka pirmaja pétijjuma gada vid&jais laktozes
saturs bija augstaks (4.93%) neka otraja gada (4.80%)
un nozimigi atskiras starp p&tijuma dienam (5.12 un
4.70%, p<0.05).

Ganibu perioda abos pétijuma gados govju
pamatbariba bija kultivéto ganibu zale. Pirmaja
pétijuma gada govis ganibas apéda 50 lidz 60 kg
zales, bet otraja gada — 40 Iidz 50 kg zales, jo sakara
ar karsto un sauso laiku zalaugu attistibai otraja gada
bija nelabvéligi apstakli. Piebaro$anai izmantotie
baribas lidzekli abos pétijuma gados un ari p&tijuma
dienas at$kiras. Pirmaja pétijuma gada 5 dienas govis
piebaroja ar véla vegetacijas fazé plautu stiebrzalu
zalmasu, 13 dienas — ar lucernas atalu, 10 dienas —
ar viku-auzu zalmasu, bet divas dienas — ar abolina-
stiebrzalu sienu. Pirmaja gada 18 pétijuma dienas govis
sanéma arT saimnieciba gatavotu miezu un auzu miltu
spekbaribu.

Otraja gada pétijuma laika govju piebaroSanai péc
ganibam izmantoja lucernas-timotina skabsienu (23
dienas) un abolina-stiebrzalu sienu (7 dienas). Visas
pétijuma dienas govis sanéma ari saimnieciba razotu
spekbaribu, kura saturgja 82% miezu miltu, 13% rapsa
rausu vai zirpu miltu un 5% mineralvielu un vitaminu
maisijuma.

Summgjot pirmaja péetijuma gada izedinato
baribas lidzeklu sausnas, kopproteina un energétiskas
veértibas NEL daudzumu, parliecindjamies, ka

pirma gada p@tijuma dienas, kad govis piebaroja ar
lucernas atalu vai viku-auzu zalmasu un spékbaribu,
iz&dinatie baribas Iidzekli gandriz pilnigi nodrosinaja
diennakts baribas vielu vajadzibu. Govis ar lopbaribu
sanéma videji 15 kg sausnas ar 92-94 MJ NEL un
1.98-2.17 kg kopproteina. Turpreti govis péc
ganibam piebarojot tikai ar véla vegetacijas fazé
plautu stiebrzalu zalmasu, baribas deva saturgja
12—14 kg sausnas ar 72—-84 MJ NEL un 1.53-1.81 kg
kopproteina.

Otraja gada baribas vielu vajadziba pilniba tika
nodrosinata, govis piebarojot ar lucernas-timotina
skabsienu un spekbaribu. Sajas diends govis ar
lopbaribu sanéma vidgji 16 kg sausnas, 100 MJ NEL
un 2.25 kg kopproteina. Septinas p&tijuma dienas govis
piebarojot ar abolina-stiebrzalu sienu un spekbaribu,
baribas deva nodrosinaja 15 kg sausnas, 92 MJ NEL
un 1.94 kg kopproteina.

Ka norada vairaki autori, piena sastavs ir govju
sabalans€tas edinasanas un veselibas stavokla raditajs
(Rossow, Richardt, 2003; Ositis, 2005). Arzemju
autoru darbos ir analiz€ta tauku un olbaltumvielu
satura attiectba (FEQ — Fett—Eiweiss Quotient),
kuras normala vertiba ir no 1.17 Iidz 1.23. Autori
norada, ka, Sai attiecibai klistot mazakai par 1.17,
baribas deva ir energijas un proteina parpalikums
un rupjas baribas iztrikums. Savukart, ja tauku
un olbaltumvielu satura attieciba parsniedz 1.23,
var runat par proteina iztrikumu, sliktu energijas
izmantosanu un kokskiedru parbagatu baribu (Gravert
etal., 1991; Spohr, Wiesner, 1991; Rossow, Richardt,
2003). Turklat autori norada, ka, ja baribas deva ir
paaugstinats energijas daudzums, tad piena var ari
noverot paaugstinatu laktozes saturu.

Petito piena produktivitates pazimju mainibas
raksturoSanai izvelgjamies variacijas koeficientu (Cv),
kurs tika noteikts katrai pétfjuma grupas govij, lai
noskaidrotu pétijjuma grupas govju vid€jos variacijas
koeficientus (3. tabula).

3. tabula / Table 3

Piena produktivitates pazimju variacijas koeficienti ganibu perioda
The variation coefficients of milk productivity traits in pasture period

Pazimes / 2001. gada / in the year 2001 | 2002. gada / in the year 2002 Starpiba /
Traits - - - : Difference
Cv+Se, min max CvSe, min max

Izslaukums, kg / 9.8+0.56 34 259 10.0+0.51 4.1 324 -0.2
Milk yield, kg
Tauku saturs, % / 8.8+0.43 4.0 22.5 11.2+1.18 42 49.6 D 4k
Fat content, %
Olbaltumvielu saturs, % / 4.5+0.27 1.8 13.0 4.3+0.31 2.0 18.6 0.2
Protein content, %
Laktozes saturs, % / 3.9+0.12 2.5 7.6 2.1+0.29 0.8 17.4 | gk
Lactose content, %

8% _p < 0.001
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Tika noskaidrots, ka pétjjuma grupas govju
izslaukuma mainiba ganibu perioda abos gados bija
lidziga (Cv=9.8 un 10.0%).

No ganibu perioda analiz€tajam piena sastava
pazimém tauku saturam nov@rota  augstaka
variacija pétfjuma abos gados (no 8.8 lidz 11.2%).
Olbaltumvielu saturs varigja 4.5% robezas, bet
laktozes satura mainiba bija viszemaka (no 2.1 lidz
3.9%) no pétitajam pazimém.

Vairaku arzemju autoru darbos ir public&ti dati, kas
liecina, ka no piena sastava komponentiem procentuali
lielakas 1slaicigas izmainas vérojamas tauku saturam,
jo §1 pazime vairak par citam ir atkariga gan no
eksogéniem, gan endogeniem faktoriem (Rossow et
al., 1990; Huth, 1995).

Lai noskaidrotu, cik ciesa sakariba ir starp p&tamo
pazimju atkartotiem merjjumiem vieniem un tiem
pasiem dzivniekiem, tika aprékinats atkartojamibas
koeficients. Atkartojamibas koeficienta vertiba ir
genétisko un vides faktoru darbibas summa. Zems
atkartojamibas  koeficients (r <0.5) liecina, ka
pazime paklauta lielai vides faktoru ietekmei. Abos
pétijuma gados atkartojamibas koeficientu noteicam
ka ieksklasu (intraclass) korelacijas koeficientu

izmantojot dispersijas analiz€ iegltos vidgjos
kvadratus (Falconer, Mackay, 1996) (1. att.).
legtitie  atkartojamibas  koeficienti  ganibu

perioda liecina, ka 2002. gada péetfjuma laika
piena produktivitates pazimes varigja vairak, tade]
atkartojamibas koeficientu vertibas bija zemakas ne
ka 2001. gada.

Abos pétijuma gados augstakas atkartojamibas
koeficienta vértibas ieguvam izslaukumam (r =0.84
un 0.73) un olbaltumvielu saturam (r,=0.72 un
0.73), bet zemakas — tauku (r,=0.50 un 0.32) un
laktozes saturam (r,=0.59 un 0.52). Tatad pazimes
ar augstakam atkartojamibas koeficienta vértibam ir
stabilakas un tas mazak ietekmé vides faktori.

Daudzu autoru pétijumos noskaidrots, ka govju
piena produktivitate veidojas genétisko, fiziologisko
un vides faktoru ietekm& (Calitis u.c., 1977,
Strautmanis, 1984; Huth, 1995 u.c.). Ming&to faktoru
ietekmes pétiSanai izmanto linearos modelus, ar
kuru palidzibu iesp&jams noteikt katra pétita faktora
ietekmi dzivnieka kopgja ciltsveértiba (Henderson,
1963; Wilmink, 1987; Paura, 1999; u.c.).

Lai noskaidrotu argjas vides faktoru ietekmi uz
piena produktivitates pazimém, izveidojam linearo
modeli, kura tika ieklauti gan atseviski fiziologiskie,
gan vides faktori (4. tabula).

Dazadu laktaciju govim izslaukums, olbaltumvielu
un laktozes saturs ganibu perioda p&tijuma abos gados
statistiski ticami atskiras (p<0.01; p<0.001), bet tauku
saturs nebija butiski atskirigs.

P&tijuma grupas govis bija laktacijas dazadas
fazes ar atSkirigu izslaukuma Itmeni. P&tfjuma
dienas piena produktivitates pazimju mainiba STm
govim bija butiski atSkiriga. Arl iepriekSminé&to
triju faktoru mijiedarbiba visu analiz€to piena
produktivitates pazimju mainiba bitiski atSkiras.
Piena produktivitates pazimju statistiski ticami
atSkirigu mainibu novéroja govim, kuras pétijjuma

0.73

0,90
- 0,80
2 2
_g B 0,70
2 £ 0,60
2 5 050
8y
== 040
[F] oy
%@ 0.30 §\§
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<0 N
0,10 \\
0,00
2001 2002
Garibu periods / Pasture period
[ Izslaukums / Milk yield, kg Tauku saturs / Fat content, %

E Olbaltumvielu saturs / Protein content, % B Laktozes saturs / Lactose content, %

1. att. Piena produktivitates pazimju atkartojamibas koeficienti.
Fig. 1. Repeatability coefficients of milk productivity traits.
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4. tabula / Table 4

Faktoru ietekme uz piena produktivitates pazimju mainibu
The influence of researched factors on variance of milk productivity traits

Izslaukums / | Tauku saturs / Olbaltumvielu Laktozes
Faktori / Gads / Milk yield, Fat content, saturs / saturs / Lactose
Factors Year kg % Protein content, content,
% %
p vértiba / p value
Laktacija / 2001 ok n. s. ok ok
Lactation 2002 ** n. s. £ i)
Laktacijas faze / 2001 i ol *EF ot
Lactation phase 2002 b it i *E
Izslaukuma 2001 kel *ok ¥ *kF ok
grupa ;I Mi]k 2002 EE 3 EE 33 EE 2 £
yield group
Mekl&sanas / 2001 * * *% ik
Heating time 2002 *x * ok *
Ganibas / 2001 n. s. n.s. n. s. o
Pasture 2002 ol n.s. * n. s.
PiebaroSana / 2001 R »ok i Fk
Supplementary 2002 % i o -
rough forage o
R? 2001 0.740 0.596 0.695 0.702
2002 0.646 0.546 0.641 0.635

*—p<0.05; ¥ —p<0.01; *** —p <0.001; n. s. —p > 0.05

L — laktacijas; *LF — laktacijas fazes; *IG — izslaukuma grupas mijiedarbiba; GT — gaisa temperatiiras, °C; *GRM — gaisa
relattva mitruma, %, un GT mijiedarbiba / L — lactation; *LP — lactation phase; *MYG — milk yield group interaction;
T — air temperature, °C; *H — interaction betwen air humidity, %, and T

laika meklgjas un tika s€klotas (p<0.05; p<0.01;
p<0.001).

Nozimigs argjas vides faktors, kas bitiski ietekmé
govju piena produktivitati, ir &dinaSana. Linearaja
modelt ka fiksetie argjas vides faktori tika iek]auti
ganibu aploku izmantosanas ilgums (dienas), govju
piebarosana peéc ganibam, ka arT gaisa temperatiiras
(°C) un gaisa relativa mitruma (%) mijiedarbiba.

Tika noskaidrots, ka ganibu aploku izmantoSanas
ilguma ietekmé& pirmaja pétijjuma gada butiski
izmaintjas tikai laktozes saturs piena, bet otraja gada
— izslaukums un olbaltumvielu saturs (p<0.05).

Govju  piebaroSana p&c  ganibam un
spekbaribas izédinasanas ietekme uz pétitajam
piena produktivitates pazimém tika aplikotas
mijiedarbiba. ST faktora ietekmé biitiski izmainfjas
visas piena produktivitates pazimes (p<0.001;
p<0.01; p<0.05), iznemot laktozes saturu otraja
petijuma gada. Arl gaisa temperatliras un gaisa
relativa mitruma izmainas pétijuma laika butiski
ietekmg&ja visu pétito pazimju mainibu (p<0.05;
p<0.01; p<0.001).
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Izveleta lineara modela precizitati raksturo
determinacijas koeficients (R?). ModelTieklautie faktori
precizi izskaidroja piena produktivitates pazimju
vértibu izmainas pétijuma laika (R*>=0.596 lidz 0.740
pirmaja gada un R*=0.546 11dz 0.646 otraja gada).

Lai noskaidrotu, ka uz apkartgjas vides apstaklu
izmainam reagé dazada fiziologiska stavokla govis,
tika analiz&ta piena produktivitates pazimju mainiba
pétito faktoru gradaciju klases.

Pirmas laktacijas govim abos pétijuma gados
izslaukums bija stabilaks neka vecako laktaciju govim
(2. att.). Par to liecina bitiski zemakas variacijas
koeficienta vertibas (8.9 un 8.5%, p<0.05). Miisu
pétijuma rezultati saskan ar citu zinatnieku viedokli,
proti, pirmas laktacijas govim ir stabilaka laktacija ar
noturigaku izslaukumu visa laktacijas laika (Cjuksa,
1993; Huth, 1995).

Analizgjot dazadu laktaciju govju piena sastavu,
redzams, ka pirmas laktacijas govim tauku,
olbaltumvielu un laktozes satura mainiba abos
pétijuma gados bija nozimigi zemaka neka vecako
laktaciju govim (p<0.05).
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Variacijas koeficients/ Coefficient of
variation, %
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2001. 2002.
Laktacija/ Lactation

[ Izslaukums / Milk yield, kg Tauku saturs / Fat content, %
O Olbaltumvielu saturs / Protein content, % B Laktozes saturs / Lactose content, %

* — piena produktivitates pazimju variacija pirmas laktacijas govim ir butiski mazaka neka vecako laktaciju govim
abos pétijuma gados / milk productivity traits variation for first lactation cows are significantly lower than for older
lactation cows in both years of research (p<0.05)

2. att. Piena produktivitates pazimju variacijas koeficientu vértibas dazadu laktaciju govim.
Fig. 2. Milk productivity traits variation coefficient values for different lactation cows.
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Variacijas koeficients/
Coefficient of variation, %

(=T o N O = T - o]

n=746 n=750 n=715 n=848 n=660
1 2 3 1 2 3
2001. 2002.

Laktacijas faze/ Lactation phase

[ Izslaukums / Milk yield, kg Tauku saturs / Fat content, %

O Olbaltumvielu saturs / Protem content, % M Laktozes saturs / Lactose content, %
* — piena produktivitates pazimju variacija govim laktacijas 2. fazg ir butiski zemaka neka 1. un 3. fazg / milk
productivity traits variation for cows in second stage of lactation is significantly lower than for cows in first and third
stages of lactation (p<0.05)
3. att. Piena produktivitates pazimju variacijas koeficientu vértibas govim dazadas laktacijas fazgs.
Fig. 3. Milk productivity traits variation coefficient values for cows in different lactation stages.
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Tika noskaidrots, ka govim dazadas laktacijas
fazes piena produktivitates pazimju mainiba ir batiski
atSkiriga (3. att.).

Pirmas nedglas beigas péc govs atneSanas sakas
negativas energgétiskas bilances periods, kad piena
veidoSanas ir straujaka par govju baribas sausnas
uznemsanas sp&jam, Iidz ar to netiek nodrosinata
govju vajadziba péc energijas (Ingvartsen, Andersen,
2000; Rossow, Richardt, 2003; Ositis, 2005).

Laktacijas dinamikas pé&tjjumos noskaidrots, ka
piena daudzums un sastavs laktacijas laika mainas
péc noteiktam likumsakaribam. Vacu zinatnieks
Huths (Huth, 1995) konstatgjis, ka laktacijas sakuma
(1.-4. laktacijas ned€la) un beigas (39.—42. laktacijas
nedéla) verojama lielaka izslaukuma un tauku
satura mainiba. P&c autora pétijjumiem stabilakais ir
laktacijas vidus periods (19.-22. laktacijas nedgla).
Miisu pétijuma rezultati saskan ar Hutha datiem. Visu
pétito piena produktivitates pazimju mainiba govim
laktacijas otraja faze bija butiski zemaka neka govim,
kuras petijuma laika bija laktacijas pirmaja un treSaja
faze (p<0.05).

Augstproduktivam govim laktacija norit atskirigi
no mazak razigu govju laktacijas. STm govim negativas
energ@tiskas bilances periods ir garaks, tas ilgst

l1dz pat trim méneSiem. Mazak razigam — apméram
divus ménesSus (Rossow, Richardt, 2003; Ositis,
2005). Pirmajas nedélas p&c atnesanas starp dazadas
produktivitates govim sausnas uzpems$anas spé&ja
novero lielu variaciju (30-40%). Vélakaja laktacijas
laika $1 variacija ir tikai 6-10% (Drackley, 1999).
Literatira minéts, ka vid&ja diennakts izslaukuma
mainiba absoliitos skaitlos ir jo lielaka, jo lielaks
izslaukums, bet relativas izmainas, izslaukumam
pieaugot, samazinas (Huth, 1995).

P&tijuma grupa bija govis ar dazadu produktivitates
Itmeni (4. att.). Ganibu perioda pétjuma laika
noskaidrojam, ka govim ar augstaku izslaukuma
Itmeni (3. izslaukuma grupai) bija bitiski zemaka
izslaukuma mainiba neka pargjam govim (6.9 un
9.1%, p<0.05).

Piena sastava pazimju variacija dazada izslaukuma
Itmena govim ganibu perioda bija atskiriga. Abos
gados tauku un olbaltumvielu saturam augstakas
variacijas koeficienta vértibas (9.7 un 15.5%; 5.5 un
5.0%) novéroja govim ar augstako izslaukuma Iimeni.
Laktozes satura mainiba dazada izslaukuma Iimena
govim bijano 1.7 11dz 4.3% un atbilda arzemju autoru
petijumiem, proti, laktozes saturs atkartotas kontrol&s
izmainas vismazak, salidzinot ar parjiem piena

[
S 18 |
5 16 15.5
=]
1= 14
“ag 12 10.9* 10.5%
O Xjo 18.3
2 g0 17
254 '
. 2
:% 0 [
"g n=865 n=934 n=412 n=540 =914 n=534
-

1 2 3 1 2 3

2001. 2002.
[zslaukuma grupa/ Milk yield group
[ Izslaukums / Milk yield, kg Tauku saturs / Fat content, %

O Olbaltumvielu saturs / Protein content, %

W Laktozes saturs / Lactose content, %

* — izslaukuma variacija 3. izslaukuma grupas (>20.0 kg) govim ir biitiski mazaka neka 1. (<15 kg) un 2. (15-19.99 kg)
izslaukuma grupas govim / milk yield variation for cows of third milk yield group is significantly lower than for cows of

first and second milk yield groups (p<0.05)

4. att. Piena produktivitates pazimju variacijas koeficientu vértibas dazadu diennakts
izslaukuma grupu govim.
Fig. 4. Milk productivity traits variation coefficient values for cows in different twenty-four hour
milk yield groups.
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3 Izslaukums / Milk yield, kg

O Olbaltumvielu saturs / Protein content, %

Tauku saturs / Fat content, %
B Laktozes saturs / Lactose content, %

* — piena produktivitates pazimju variacija p&tfjuma laika s€klotam (3) govim ir bitiski lielaka neka griisnam (1) un
negriisnam (2) govim / milk productivity traits variation during research is significantly higher for inseminated cows

compared to pregnant and nonpregnant cows

5. att. Piena produktivitates pazimju variacijas koeficientu vértibas griisnam, negriisnam un
pétfjuma laika seklotam govim.
Fig. 5. Milk productivity traits variation coefficient values for pregnant, non pregnant and for cows
inseminated during the research period.

sastava komponentiem (Syrstad, 1977; Rook et al.,
1992; Wendt et al., 1994).

Piena produktivitates pazimju mainibu pétijjuma
laika radija arT govju mekl&Sanas un seklosana (5. att.).

Apkopojot pétijuma rezultatus, noskaidrojam, ka
govim, kuras ganibu perioda pétijuma laika meklgjas
un tika s€klotas, bija augstakas variacijas koeficienta
vertibas visam pétitajam piena produktivitates
pazimém, salidzinot ar griisno un negriisno govju
variacijas koeficientu vertibam.

Arf zinatnieki Jonins un Miculis (1999) izpétijusi,
ka meklésanas laika piena izslaukums samazinas
l1dz pat 25%, bet ne visam govim vienadi. Visbiezak
samazinats izslaukums ir govim ar spécigi izteiktam
argjam mekleésanas pazimém. Huths (Huth, 1995)
secina, ka govim mekléSanas laika samazinas ne
tikai izslaukums, bet minimala izslaukuma diena,
kas biezak ir sekloSanas diena, pazeminats ir arl
tauku saturs.

Ganibu perioda noskaidrojot pétito vides faktoru
(ganibu, piebarosanas un spckbaribas izédinasanas, ka
ar gaisa temperatiiras un relativa gaisa mitruma) katras
gradaciju klases ietekmi uz piena produktivitates
pazimju izmainam, parliecinajamies, ka vides faktori
jaanalizé mijiedarbiba, jo, pétijjlumam notickot
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saimnieciskas darbibas apstaklos, katra konkréta
petijuma diena argjas vides apstakli mainijas.

Ka pieradijusi daudzi autori, govju piena
produktivitate ir atkariga no daudziem vides
faktoriem, tomer ka galvenie faktori tieck mingti govju
sabalanséta €dinasana un labturiba, kas ietekme govju
veselibu un atrazoSanas spé€jas (Herz et al., 1979;
Fischer, 1989; Radke, Schulz, 2001; Ositis 2005).
Huths (Huth, 1995) eksperimentos pieradijis, ka
izslaukuma izmainas govim var noveérot nakamaja
diena p&c baribas truikuma.

Analizgjot vides faktoru ietekmi, uzmanibu
pieveérsam dienam, kad govju grupas diennakts vid&jais
izslaukums batiski samazinajas. Pirmaja pétijjuma
gada ta bija 18., bet otraja gada — 26. pétijuma diena.

Pirma pétfjuma gada minimala izslaukuma diena
govis ganijas jaunas ganibas un govju piebaroSanai
izmantoja smalcinatu viku-auzu zalmasu, bet bez
spekbaribas. Divas dienas pirms minimala izslaukuma
dienas govis péc ganibam piebaroja ar abolina-
stiebrzalu sienu, un dienu pirms minimala izslaukuma
tas nesan€ma spekbaribu. Tade] govim nepieciesamais
sausnas daudzums tika nodro$inats par 80%, energijas
daudzums — par 77.2%, un kopproteina daudzums —
par 75%. Sajas dienas kopproteina daudzums baribas
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devas sausna bija tikai 12.3%, un baribas energétiska
vertiba — 5.74 MJ NEL kg sausnas. ArT maksimala
gaisa temperatiira bija augsta — 26.5 °C, relativais
gaisa mitrums — no 70 Iidz 79%.

Nakama gada minimala izslaukuma diena
(26.) govis ganijas jaunas ganibas, pec ganibam
tas piebaroja ar sienu un pasrazotu spékbaribu.
Iepriekseja diena govis ganibu aploka ganijas
otro dienu pec kartas, piebarosanai tika izmantots
skabsiens un pasSrazota spekbariba, kas saturgja rapsa
spraukumus. Izmainas izslaukuma varam skaidrot ar
nepilnigi sabalanséto &dinasanu, jo, govis piebarojot
ar abolina-stiebrzalu sienu, to baribas devas sausna
saturgja 12.8 % kopprotetna un 6.03 MJ NEL. Baribas
deva nodrosinaja 95% no diennakts sausnas, 90% no
NEL un 90 % no kopproteina vajadzibas. Maksimala
gaisa temperatiira sasniedza 28.4 °C un gaisa mitrums
bija zemaks par 60%.

Otra pétjjuma gada minimala izslaukuma diena
izmainijas arl piena tauku saturs, tas bija butiski
augstaks (p<0.05) neka blakus esoSajas dienas.
Govis piebarojot ar sienu, baribas deva palielinajas
kokskiedras daudzums, kas nodrosinaja labveligus
fermentacijas procesus spurekli. Tadel gaistoso
taukskabju  attiecibas  palielinajas  etikskabes
proporcija, kas labveligi ietekméja piena tauku sintézi
(Rossow, Richardt, 2003; Osttis, 2005).

Secinajumi

Piena produktivitates pazimes ar augstako
variacijas koeficienta vertibu bija izslaukums (Cv=9.8
lidz 10.0%) un tauku saturs (Cv=8.8 Iidz 11.2%).
Olbaltumvielu saturs vari€ja robezas no 4.3 lidz
4.5%. Zemaka variacija bija laktozes saturam piena
(Cv=2.1% I1dz 3.9%).

Piena  produktivitates pazimém  augstaka
atkartojamibas koeficienta vertiba bija izslaukumam
(r,=0.73 Iidz 0.84) un olbaltumvielu saturam (r_=0.72
11dz 0.73). Mazak stabils bija tauku un laktozes saturs,
uzradot zemakos atkartojamibas koeficientus, attiecigi
r,=0.32 Iidz 0.50 un r_=0.52 lidz 0.59.

Govju piena produktivitates pazimju mainibas
raksturoSanai izveidotaja linearaja modeli ieslegtie
fiziologiskie un argjas vides faktori izskaidro 54.6 lidz
74.0% no ganibu perioda analiz&€to pazimju vértibu
izmainam.

Nozimigi zemakas variacijas koeficienta vertibas
visam piena produktivitates pazimé€m iegttas pirmas
laktacijas govim. Stabilaka govim bija otra laktacijas
faze, kad piena produktivitates pazimém noveroja
bitiski zemako variaciju. Augstaka izslaukuma
Itmena govim bija zemaka izslaukuma, bet augstaka
tauku un olbaltumvielu satura variacija (p<0.05).
Govim, kuras p&tfjuma laika mekl&jas un tika seklotas,
bija augstakas variacijas koeficienta veértibas visam
petitajam pazimem.
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Argjas vides faktoru ietekmé p&tfjuma grupas
govju izslaukuma un otraja pétfjuma gada ar1 tauku
satura izmainas starp pétfjuma dienam bija statistiski
nozimigas (p<0.05).
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Baktericido vielu un antivielu satura izveértéjums dazadas
lauksaimniecibas sistémas tureto govju piena
Evaluation of Antibodies Concentration in Cow’s Milk from
Different Agricultural Systems

Jelena Zagorska, Inga Ciprovica, Velga Mikelsone
LLU Partikas Tehnologijas Fakultate, e-pasts: inga.ciprovica@llu.lv
Faculty of Food Technology, LLU, e-mail: inga.ciprovica@llu.lv

Abstract. The aim of the present study was to determine and compare IgA, IgG, IgM, lactoferrin, and lysozyme
concentrations in organic, transitional period (from conventional to organic agriculture), and conventional
milk samples. In total, 20 conventional, 20 transitional period and 20 organic milk samples, obtained from
healthy cows, were analyzed. The individual cow’s milk samples were taken from farms located in different
regions of Latvia: Cesis, Ogre, and Bauska. Concentrations of IgA, IgG, IgM, and lysozyme were determined
by turbidimetric method. The concentration of lactoferrin was determined by immunofermentative method.
Differences in the concentrations of immunoglobulins, lactoferrin, and lysozyme were determined by descriptive
statistics using Microsoft Windows for SPSS software packages. The concentration of IgA in organic milk
samples proved to be significantly lower than in conventional milk samples. Significant differences were not
established in the concentrations of IgG and lysozyme in the milk obtained from different agricultural systems.
The concentrations of IgM and lactoferrin in organic milk were significantly higher than in conventional milk.
In all kinds of milk the concentrations of IgA and IgM were higher compared to the data in the literature.
Organic agriculture has significant influence on cow’s immunity fortification, which was demonstrated by

different concentrations of lactoferrin and immunoglobulins in organic and conventional milk.
Key words: organic and conventional milk, immunoglobulins, lactoferrin, lysozyme.

levads

Pédgjos gados Latvija un pasaulé ir ieveérojami
pieaudzis pieprasijums péc partikas, kuras izejvielas
tiek razotas atbilstosi biologiskas lauksaimniecibas
nostadném, un palielinas to paterétaju skaits, kas
arvien lielaku nozimi pieSkir partikas kvalitatei un
vélas zinat, ka ta tiek razota. Biologisko razoSanu
raksturo skaidri pamatprincipi un caurredzamiba
attieciba uz produktu izcelsmi, razoSanu un parstradi.
Latvija ir visi nepiecieSamie priekSnosacijumi —
lauksaimniecibai piemérota zeme, izveidoti Skirnes
dzivnieku ganampulki, ka arT ekologiska situacija,
lai razotu kvalitativu lopkopibas produkciju ieksgjam
tirgum, ka arT eksportam.

Biologiski razotos produktus iegiist, saimniekojot
ar biologiskam metodém, samazinot antibiotiku un
medikamentu pielietojumu dzivnieku arstéSana,
kimiskos pesticidus un mineralmeslus augsnes
mésloSanai un nezalu apkaroSanai, dzivnieku
€dinasanai lietojot p&c biologiskas lauksaimniecibas
principiem  sagatavotu  baribu.  Saimniekojot
biologiskaja lauksaimniecibas sistéma, galvenais
priekSnoteikums ir nepiesarnota augsne, kas ir
dabiska un dziva vieniba ar daudzveidigu floru un
faunu. Vides piesarpojuma samazinaSanu panak,
ierobezojot majlopu skaitu un kiitsmeslu daudzumu
uz zemes platibas vienibu. Dabas daudzveidibas
saglabasanai biologiskaja lauksaimnieciba iesaka
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audzet vietgjo skirnu kultiiraugus un majdzivniekus, jo
tie ir pieméroti vietg§jam mikroklimatam (KreiSmane
u.c., 2004). Sads pasakumu kopums ir vérsts uz
govs organisma stiprinasanu, tai skaita var sekmét
baktericido vielu un antivielu satura palielinajumu
piena. Pie piena baktericiddam vielam pieder
lizocims, laktoperoksidazes-idenraza  peroksida-
tiocinata komplekss un laktoferins, pie antivielam —
imunoglobulini (IgA, IgG, IgM) u.c.

Imunoglobuliu saturs piena vari¢ atkariba no
govs Skirnes, vecuma, veselibas stavokla un laktacijas
perioda (Butler, 1986, 1994; Larson, 1992; Korhonen
et al., 2000). Jaunpiena tie veido lidz 90% no siikalu
olbaltumvielam. No piena ir izdalitas visas tris
galvenas imunoglobulinu klases: 1gG, IgA un IgM
(Korhonen et al., 2000; Marnila, Korhonen, 2002).
Visizteiktakas imunofunkcijas piemtt IgA, ar kuru ir
bagats mates piens (['opbaTosa, 1997).

Laktoferins ir dzelzi saturoSa olbaltumviela, kas
pcc savam TIpaSibam ir lidziga asins transferinam
(Dionysius, Milne, 1997; Farrell et al., 2004). Tam
piemit transporta funkcija—laktoferins saista un parnes
dzelzs jonus jaundzimu$o organisma. Govs piena
laktoferina saturs ir neliels — Gorbatova (I'op6aroBa,
1997) savos darbos min S$adus skaitlus: 0.1-
0.35 mg ml"'. Savukart Dionysius un Milne (1997):
0.09 mg ml"'. Dionysius uzskata, ka laktoferina saturs
ar mastitu slimu govju piena palielinas Iidz 1.2 mg ml,
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un tikpat lielu laktoferina koncentraciju var novérot
arT laktacijas beigu posma. Jaunpiena ta saturs ir
1-6 mg ml! (Top6atosa, 1997).

Laktoferinam ir antimikrobialas un antioksidanta
Tpasibas, turklat tas palielina dzelzs ITmeni asins,
stimul€ imunsistému, moduléresnaszarnas mikrofloru,
un tam piemit arT pretiekaisuma un antikancerogénas
ipasibas (Dairy processing, 2003). Aplikojot
iepriek§mingtas funkcijas, var secinat, ka laktoferinam
ir svariga loma organisma aizsargsist€mas veidoSana.

Lizoctms ir enzims, kas grauj bakteriju S$iinas
sienas pamatelementu — peptidoglikana jeb mureina
slani, Skelot saiti starp N-acetilglikozaminu un
N-acetilmuramskabi (Walstra et al., 1999). Ta ka
grampozitivam bakterijam ir raksturigs biezs mureina
slanis, lizoctms ir aktivs pret So grupu. Efekts uz
gramnegativam bakterijam ir mazaks. Piena lizocTms
piedalas nelabveéligas mikrofloras iznicinaSana
jaundzimu$o mutes dobuma un kungi. Lizocima
saturs ir robezas no 3 mg 1! govs piena lidz 790 mg 1!
kéves piena (Farkey, 2002).

Ta ka baktericido vielu un antivielu saturs
piena raksturo govs organisma imunitati un varétu
pozitivi ietekmé&t piena paterétaju, darba mérkis bija
noteikt un salidzinat IgA, IgG, IgM, laktoferina un
lizocima saturu biologiskaja un konvencionalaja
lauksaimnieciba iegiita piena.

Materiali un metodes

PE&tijuma objekts — piens, kas iegiits biologiskajas,
konvencionalajas un parejas perioda saimniecibas
(no konvencionalas uz biologisko lauksaimniecibuy).
Kopumatikaanalizgti 60 pienaparaugi: 20biologiskaja,
20 konvencionalaja un 20 parejas perioda iegitie
piena paraugi. PEtTjuma analiz&tie piena paraugi iegiiti
no veselam govim (somatisko $tinu skaits neparsniedz
400 000 ml'). Piena paraugu nemsanas un
analiz€Sanas shéma izvéleta ta, lai izslégtu iesp&ju
analizet laktacijas sakuma un beigu posma iegiito
pienu. Piena paraugi nemti no Iidziga vecuma Latvijas
briinas un HolSteinas §kirnes govim, ka ari no Latvijas
brinas un Holsteinas govju Skirpu krustojumiem.
Biologiskajas un parejas perioda saimniecibas, kur
nemti piena paraugi, praktizé€ta dzivnieku nepiesieta
turéSana, konvencionalajas saimniecibas— piesieta turéSana.
Individualie piena paraugi nemti saimniecibas, kuras
atrodas dazados Latvijas regionos: C&su, Ogres un
Bauskas.

Imunoglobulinu  saturs piena noteikts ar
turbidimetriskas metodes palidzibu izmantojot
firmas ,,HITO Cuursko” reagentu komplektu. Tas
ir paredz&ts imunoglobulinu satura noteikSanai
asins seruma un pielagots imunoglobulinu satura
noteikSanai piena.

LaktoferTna saturs noteikts ar imunofermentativo
metodi, izmantojot ,.Jlakropeppur — UDA — BECT”
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reagentu komplektu. Tas ir paredz&ts laktoferina satura
noteikSanai asins seruma un pielagots laktoferina
satura noteikSanai piena.

Lizoctma saturs noteikts ar turbidimetriskas
metodes palidzibu péc Granta (I'pant u ap., 1973)
metodes. Metodes pamata ir lizocima sp€ja liz&t
mikroorganismu Stinapvalkus.

Piena elektrovaditsp&ja noteikta ar “Milk checker
N 4L” iekartas palidzibu, lai izslégtu ar mastitu slimu
govju piena paraugu analizi.

Datu apstradei lietota aprakstosa statistika,
izmantojot SPSS programmu paketi SPSS 11.0.

Rezultati

Imunoglobulinu saturu piena ietekmé dazadi
faktori. Vidgjais IgA, IgG un IgM saturs piena
paraugos, kas iegiiti atSkirigas lauksaimniecibas
sistémas, ir paradits 1. attéla.

IgA saturs piena paraugos svarstijas plasas robezas
un bitiski (p<0.05) atskiras dazadu lauksaimniecibas
sistému turéto govju piena. Lielakais IgA saturs tika
konstatets konvencionalajas saimniecibas esoso govju
piena, proti, 1.12+0.01 g 1. Vislielakam svarstibam
tika paklauts IgA saturs to govju piena, kas bija turStas
parejas perioda saimniecibas.

Pielietojot dispersijas analizi, tika konstattas
butiskas atskiribas (p<0.05) starp IgA saturu govju
piena, kas turétas biologiskajas un konvencionalajas
saimniecibas. Savukart starp biologiskaja un parejas
perioda, ka ari starp konvencionalaja un parejas
perioda iegiitajiem piena paraugiem atskiribas netika
konstatgtas.

Jaatzimé, ka biologiskajas saimniecibas iegita
piena vidgjais IgA saturs bija 0.71 g I', kas ir
5.5 reizes lielaks, salidzinot ar literatiras datiem
(0.13 g I'") (McFadden et al., 1997). Parejas perioda
un konvencionalajas saimniecibas iegiitajos piena
paraugos vidgjais IgA saturs bija lielaks, attiecigi
6.9 un 8.6 reizes. Palielinats imunoglobulinu saturs
var liecinat par mastita problemam. Ar mastitu
slimu govju piena IgA saturs var sasniegt pat
600% no IgA satura veselu govju piena (Korhonen,
Kaartinen, 1995). Jauzsver, ka pétijjumos analiz&to
govju piens tika iegiits no veseliem dzivniekiem, ko
papildus apstiprina piena elektrovaditsp&jas raditaji
(skat. 2. att.). Piena elektrovaditsp&ja svarstas robezas
no 30x102 [idz 60x10% S m™'. Veselu govju piena
ta ir lidz 46x102 S m’, bet ar mastitu slimu govju
piena novéro palielinatu piena elektrovadispgju
(I'opbarosa, 1997). Darba analiz€to piena paraugu
elektrovaditspgja svarstfjas robezas no 35 Iidz
46x102 S m’!, kas liecina, ka govis bija veselas.

Salidzinot  vidgjo IgG  saturu  dazadas
lauksaimniecibas sistémas turéto govju piena,
butiskas atskiribas netika konstatetas (p>0.05). IgG
saturs analizétajos piena paraugos atbilst literatiira
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1. att. Imunoglobulinu saturs dazadas lauksaimniecibas sistémas turéto govju piena.
Fig. 1. The concentration of immunoglobulins in cow milk obtained in different agricultural systems.
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2. att. AnalizEto piena paraugu elektrovaditspgja.
Fig. 2. Electrical conductivity of analyzed milk samples.

noraditajiem datiem: 0.15-0.80 g 1' (Marnila,
Korhonen, 2002). Savukart IgG saturs atseviskos piena
paraugos, kas iegiti parejas perioda un biologiskajas
saimniecibas, parsniedza iepriekSminéto robezu.
Vislielakas svarstibas IgG satura novéroja piena
paraugiem, kas iegliti no govim parejas perioda no
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konvencionalas uz biologisko lauksaimniecibu, — ta
saturs svarstijas no 0.06 lidz 1.73 g I'".

IgM saturs piena paraugos butiski atskiras
(p>0.10) un bija lielaks par literatira mingto:
0.04-1.00 g I'' (Marnila, Korhonen, 2002). Svarigi
atzimét, ka biologiskajas saimniecibas turéto goviju

47



J. Zagorska et al.

Baktericido vielu un antivielu satura izvértejums govju piend

O.m A | S T e e A T e e R e 0‘.034 ...................
Tl
0,03 A v vvvree e TR L
LN Y1 ERRPRREERPRR RORnam Iaanes | IIHHINE NIz s .
0.01 4+ voveeeee eI T
0.00 ;

[ Konvencionalajas saimniecibas iegiitais piens / Conventional milk

[0 Parejas perioda iegiitais piens / Milk obtained during transitional period

El Biologiskajas saimniecibas iegiitais piens / Organic milk

3. att. Laktoferina saturs dazadas lauksaimniecibas sist€émas turéto govju piena.
Fig. 3. The concentration of lactoferrin in cow’s milk obtained in different agricultural systems.
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4. att. Lizocima saturs dazadas lauksaimniecibas sistémas turéto govju piena.
Fig. 4. The concentration of lysozyme in cow’s milk obtained in different agricultural systems.

piena IgM saturs (1.65+0.07) ir bitiski lielaks
neka konvencionalajas saimniecibas iegiita piena
(1.23+0.14).

LaktoferTns piena atrodas vienmér, ta koncentracija
butiski palielinas dzivniekiem ar mazaku piena
izslaukumu vai ar tesmena ickaisumu (Schanbacher
et al., 1993; Kocina u.c., 2005). Vidgjais laktoferina
saturs analiz&tajos piena paraugos ir paradits 3. attela.

Laktoferina saturs batiski atSkiras (p<0.05)
dazadas lauksaimniecibas sist€mas turéto govju piena
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paraugos. Biologiskajas saimniecibas turéto govju
piena laktoferina saturs (0.034+0.001 g I'') bija 1.5
reizes lielaks neka konvencionalajas saimniecibas
turéto govju piena (0.022+0.001 g 1'). Neatkarigi
no praktizétas lauksaimniecibas sist€émas laktoferina
saturs ieklavas literatiira dotajas robezas — 0.02—
0.35 g I (Dairy processing, 2003). Laktoferins
inhibé bakterijas, kuru vairoSanai un eksistencei ir
nepiecieSamas augstas dzelzs jonu koncentracijas
— koliformas un citas. levérojama laktoferina
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koncentracija biologiskajas saimniecibas iegiita piena
norada uz potenciala antimikrobiala agenta lomu
izejviela.

legiitie dati par vidgjo lizocima saturu
piena paraugos ir doti 4. att€la. Lizocima saturs
biologiskajas saimniecibas ieglita piena, salidzinot
ar konvencionalajas saimniecibas iegiito, ir lielaks,
tomer statistiski butiskas atSkiribas netikakonstatetas
(p>0.05). Vidgjais lizocima saturs piena paraugos,
kas iegiiti atSkirigas lauksaimniecibas sist€mas,
ieklavas literatiira dotajas robezas. Lizocima saturs
ir nozimigs piena kvalitates raditajs, kas ietekme
piena uzglabaSanas ilgumu un piena parstrades
procesus. Lizocims ir saméra termostabils, 75%
no lizocima aktivitates saglabajas, kars€jot pienu
75 °C 15 min. vai 80 °C 15 s (Farkey, 2002).
Tas nozimé, ka arT termiski apstradata piena ST
enzima koncentracija ir pietickama, lai ierobezotu
mikroorganismu attisttbu un veicinatu produkta
kvalitates saglabasanos. Iegttie p&tijumu rezultati
paradija, ka biologiskajas saimniecibas iegiita piena
ir ievérojams lizocima saturs, kas ka antimikrobiala
viela zinamu laiku spg&j nodrosinat piena kvalitates
saglabasanos.

Mainoties  lauksaimniecibas  sisttmai  no
konvencionalas uz biologisko, mainas dzivnieka
turéSanas apstakli: govs jebkura laika var tikt klat
baribai un fidenim, tiek praktiz&ta briva turéSana. Gan
biologiskaja, gan konvencionalaja lauksaimnieciba
praktiz€ dzivnieku imunitates celSanu, atSkirigasirtikai
pielietotas metodes, ar kuru palidzibu lauksaimnieki
to mé&gina panakt. Konvencionalaja lauksaimnieciba
praktiz€ dzivnieku vakcingSanu pret dazada veida
slimibam, savukart biologiskaja lauksaimnieciba
cenSas palielinat dzivnieku nespecifisko imunitati
ar dabiskiem pap€mieniem. Ta rezultata atSkiras ari
baktericido vielu un antivielu saturs analiz€to govs
piena paraugos, kas turétas dazadas lauksaimniecibas
sistémas.

Antivielu un baktericido vielu saturu piena
nevar novertét par zemu. Tas aizsargd ne tikai
jaundzimusa organismu, bet kliist saistoSas arT piena
produktu lietotajiem, celot organisma rezistenci pret
infekcijam. No §1 viedokla raugoties, biologiskaja
lauksaimnieciba turto govju piena rezultati javerte
tikai pozitivi, jo tie pierada, ka dzivnieki pasi censas
pielagoties argjai videi.

Secinajumi

1. IgA saturs (0.710+0.005 g I7') biologiskajas
saimniecibas ieglta piena bija biitiski mazaks,
savukart IgM saturs (1.65+£0.07) bija bitiski

lielaks neka konvencionalajas saimniecibas
iegiitaja piena.
2. Laktoferina saturs  (0.032+0.001 g I

biologiskajas  saimniecibas iegfita piena
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bija butiski lielaks neka konvencionalajas
saimniecibas ieglitaja piena.

3. Datu statistiskas apstrades rezultati
neuzrada butiskas atSkiribas lizocima satura
konvencionalajas un biologiskajas saimniecibas
iegiitajd govju piena, tomér Seit iezimgjas
tendence, ka lizocima saturs piena palielinas
sada seciba: konvencionala—parejas perioda
—biologiska saimnieciba.

4. Biologiskalauksaimniecibas sistéma veicina govs
organisma pasregulacijas procesus, kas pieradas
atSkiriga laktoferina un imunoglobulinu satura
biologiskajas un konvencionalajas saimniecibas
iegiita piena.
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Abstract. Bone routine morphology and factors able to influence bone structure in dairy cows were investigated.
Humerus bone in 5-6 years old lactating cows was examined after compulsory slaughtering of cows. The
Cutting-Grinding Technique for Hard Tissue was used for dissection of bone. Mineral density test was used
for cow bone investigation too. Growth factors BMP2/4 and FGFR were used to detect cell growth and cellular
differentiation by immunohistochemistry (IMH). TUNEL method was performed to detect cell death. MMP2
and MMP9 IMH detection was used for matrix degradation. Bone showed thin trabecules with the number
of osteocytes varying from 20.30+3.79 to 54.30+5.66 per mm?. Osteones also presented different diameter —
from 0.0668+0.0183 to 0.1596+0.0285 mm. Intensive proliferation of connective tissue and small capillaries
was seen in osteon channels. Regions with granular, optically intensively stained basophilic substance were
observed here and there in bone with density from 2206.45+714 to 3017.94+744 g cm™. Fragments of articular
cartilage seemed not changed in routine histological sections. Few BMP2/4-containing cells were detected in
all chondrocytes of articular cartilage in all animals and in main part of bone of cows. Numerous to abundance
of chondrocytes expressed FGFRI1 in articular cartilage, but only few osteocytes of spongy bone contained
these receptors. Total apoptosis affected mainly chondrocytes. Both matrix metalloproteinases degraded the
cartilage. Bone of healthy dairy cows demonstrated various number of osteocytes and diameter of osteones,
and different bone density. Proliferation of connective tissue and small capillaries in osteon channels indicated
regional osteoporosis. BMPs were expressed in articular cartilage. The articular cartilage is more affected by
apoptosis and FGFR and MMP expression.

Key words: growth factors, apoptosis, bone density, long bones, healthy cows.

The relation between Ca and P is a constant value
in the cow’s organism. A total of 98% of the calcium
in cow’s body is stored within the skeleton and its
homeostasis is maintained by parathyroid hormone,
vitamin D,, and calcitonin. At homeostasis, Ca

Introduction

Bone — specialized and mineralized supportive
tissue that together with cartilages makes the skeletal
system. The system is essential to life and has three
main functions: mechanical function — to give support

and site for muscle attachment, barrier function — to
limit and defend internal organs, and metabolic
function —to develop source for calcium and phosphate
that insure maintenance of serum homeostasis.

Bone tissue has the capacity of postnatal self-
reconstruction. The process of bone turnover inanimals
occurs through 2 different processes: modelation
of bone and remodelation of bone (Buckwalter et
al., 1996). Modelation provides bone growth where
bone formation and bone reabsorbtion are connected
processes. Remodelation involves the sequential
removement and replacement of bone at discrete
sites by the actions of osteoclasts and osteoblasts
that comprise the bone multi-cellular unit (Kahn et
al., 1983; Frost, 1992). Balanced bone reabsorbtion
and bone formation provide constant bone mass.
However, efficiencies of bone reabsorbtion and bone
replacement may change with animal age and during
metabolic diseases.
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turnover results in equal flux in and out of skeleton.
Maintaining the Caand P pool constant during lactation
is a formidable challenge to dairy cows (Horst et al.,
1997; Ekelund et al., 2003). Calcium and phosphorus
metabolism and bone turnover has been studied
much more in metabolic bone diseases and mineral
metabolism disturbances and during milk fever of
highly producing cows. The last one is metabolic
condition that occurs in dairy cattle when the intake
of nutrients is inadequate to meet the production
demands of the cow. This disorder is described to
show changes of the bone system in animals. The
common features are the reduced strength of bone,
the tendency to form exostoses, bone atrophy, and a
deficient calcification (Shupe et al., 1963).

Different animals and different methods have
been used for investigation of bone quality. So,
ultrasound was found as a tool for assessment of
bone quality in the horse (Jeffcott and McCartney,
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Table 1
Characterization of cows’ humerus bone structure
No. Number of osteocytes, Diameter of osteones, Mean of bone density+SD,
mm? mm gcem?
1. 20.30+3.79 - 3017.94+744
2. - 0.0668 +0.0183 2340.05+556
3. 43.00 +£2.61 - 2831.34+647
4. 54.30 £ 5.66 0.1596 £ 0.0285 2698.37+465
5. 46.00 £ 5.23 0.1106 +0.0380 2206.45+714

1985). The sow’s animal model was investigated
for postmenopausal osteoporosis (Scholz-Ahrens
et al., 1996). Before 1994, sheep were seldom used in
experimental studies regarding osteoporosis or other
skeletal pathologies. At present, this animal model
offers many advantages. It has been increasingly used
in orthopedic scientific research over the last 10 years.
Recent research suggests that sheep is a promising
model for osteoporosis studies and is suitable for the
evaluation of biomaterials and tissue biocompatibility
because of its dimension and bone characteristics
(Newman et al., 1995; Thorndike and Turner, 1998;
Bellino, 2000). However, materials about cow’s bone
morphology related to osteoporosis were not found in
the literature available to us.

Thus, the aim of the present work was to investigate
bone routine morphology in healthy dairy cows.

Materials and Methods

Humerus spongy bone from epiphysis in five
5-6 years old lactating cows were examined after
compulsory slaughtering of cows. Animals were
selected from productive stock with average milk-
yield 5000 kg per cow. Investigations were part of
the research project explaining cows’ metabolism
and morphological status of their organisms. Bone
specimens were fixed in 10 % formaldehyde.
The Cutting-Grinding Technique for Hard Tissue
(described by Donath and Breuner, 1982) was used
for the dissection of bone tissue.

A bone mineral density test was used to measure
the density (strength) of cows’ bones.

Growth factors were used to detect cell growth
and cellular differentiation: bone morphogenetic
protein 2/4 (BMP 2/4, working dilution 1: 100, R and
D systems, UK) and fibroblast growth factor receptor
one (FGFRI1, working dilution 1: 100, Abcam, UK).
Matrix metalloproteinases 2 and 9 were used to reveal
tissue degradation level (MMP2, working dilution
1: 100, R and D systems, UK) (MMP9, 1: 100, R
and D systems, UK) by employing Hsu et al. (1981)
biotin-streptavidin immunohistochemistry.
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TUNEL method was used for detection of
apoptosis. The method was performed by employing
the In situ Cell Death Detection, POD cat.
No. 1684817 (Roche Diagnostics) in accordance with
Negoescu et al. (1998).

Also routine staining for haematoxylin and eosin
was performed for each case. Statistical correlations
were investigated between numbers of cells per
visual field by use of Leica DC 300F digital camera,
visualisation programme Image Pro Plus, and
progamme SPSS.

Results

Bone fragments included spongy bone and
regions of articular cartilage. Spongy bone showed
thicker and thinner trabecules with a variable
number of osteocytes per mm? in one and the same
animal. Mean cell number in spongy bone varied
from 20.30 + 3.79 to 54.30 + 5.66 per mm?* (Table
1). Interestingly, bones with lesser number of cells
per mm? weres lesser changed in structure than
bone with larger number of cells per mm?. Osteones
were observed only in bone spicules of three cows
and presented a different diameter — from 0.0668
+ 0.0183 to 0.1596 + 0.0285 mm. Thereby in all
cases intensive proliferation of connective tissue
and small capillaries was seen in osteon channels
(Fig. 1). Also completely closed Haversian channels
were seen (Figs 2 and 3) and regions with granular,
optically intensively stained basophilic substance
were observed here and there (Fig. 2). Bone density
of these regions varied from 2206.45+714 to
3017.94+744 g cm?(Table 1). However, some bone
fragments contained exclusively small number of
osteocytes and absence of osteones. Interestingly,
thin bone trabecules contained smaller number of
osteocytes and scarce degenerative tissue of bone
marrow was observed among them (Fig. 3).

Fragments of articular cartilage seemed not
changed in routine histological sections.

Few BMP2/4-containing cells were detected in
articular cartilage in all animals and in main part of
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Fig. 1. Haematoxylin- and eosin-stained cow

humerus bone. Conspicuous proliferation of

connective tissue and presence of many small
capillaries in Haversian channel. X 250.

Fig. 3. Thinned spongy bone trabecules with few
osteocytes and degenerative bone marrow material
of epiphysis in cow humerus. X 250

bone of cows (Fig. 4, Table 2). Numerous to abundance
of chondrocytes expressed FGFRI in articular
cartilage, but only few osteocytes of spongy bone
contained these receptors (Figs 5 and 6, Table 2). Total
apoptosis affected mainly chondrocytes, although
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Fig. 2. Optically dense granular substance in the
trabecular bone of cow humerus. X 250.

Fig. 4. Some articular cartilage cells expressing
BMP2/4 in cow humerus. BMP2/4, IMH, X 400.

only few moderated osteocytes died in this way
(Fig. 7, Table 2). Both matrix metalloproteinases
degraded the cartilage (Fig. 8, Table 2). However,
variable number of osteocytes also expressed these
collagenases in each case (Table 2).
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Figs 5-6. The region of humerus with FGFR1 expressing osteocytes (on the left) and articular cartilage with
positive for FGFR1 cells (on the right). FGFR1, IMH, X 400.

Fig. 7. Few osteocytes affected by apoptosis in
healthy cow humerus. TUNEL, X 400.

Discussion

In seemingly healthy animals, variation in diameter
of osteones and different bone density in trabecules
with granular, optically dense material were found.
Thus, we suggest about connection between bone
changes and content of minerals in bone. Bone
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Fig. 8. Chondrocytes expressing MMP?2 in articular
cartilage. MMP2, IMH, X 400.

mineral content is a result of the balance between bone
formation and resorption. It is influenced by feed,
physiological status, and age. Calcium and phosphate
are two minerals that are essential for normal bone
formation. Calcium contributes 37% of the bone’s ash
content. In cows, changes in Ca have been reported
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Table 2
Distribution of relative number of the osteocytes and chondrocytes containing bone
morphogenetic protein, growth factor, and matrix metalloproteinases and
the occurrence of apoptosis in the visual field of cow’s humerus
BMP2/4 FGFR1 Apoptosis MMP2 MMP9
No. (TUNEL)

C B C B C C B C B
1. + - +++ + 4+ + -+ - -+ ++
2. + + ++++ + 4+ ++ — + +++ +++
3. + + 4+ + 4+ ++ +++ +++ -+ ++
4. + + +++ + +++ ++ +++ - ++ +
5. + - ++ + +++ ++ ++ + ++ +

Notations: C — cartilage; B — bone; MMP — matrix metalloproteinasis; BMP — bone morphogenetic protein;

FGFR - fibroblast growth factor receptor;

— —lack of cells containing BMP2/4, FGFR1, MMP2, MMP9, and absence of apoptosis;
+ — small number of cells containing BMP2/4, FGFR1, MMP2, and MMP9;
++ —moderate number of cells containing BMP2/4, FGFR1, MMP2, and MMP?9;

+++

— numerous cells containing BMP2/4, FGFR1, MMP2, and MMP9;

++++ — significant number of cells containing BMP2/4, FGFR1, MMP2, and MMP9.

during lactation (Benzie et al., 1955). Bone provides
Ca for milk synthesis in lactating dairy cows (Horst
et al., 1997). Normally calcium found in cow’s milk
is supplied from both feeding and bone-resorption
sources in approximately equal proportions (Maylin
and Krook, 1982). However, the negative calcium
balance has been particularly noticed in lactating
cattle after calving (Beighle, 1999).

The other important changes in bone were
variations of osteocytes per mm? and also
thinned trabecules in spongy bone. This might be
connected to the bone disease like osteoporosis,
because during this disorder morphofunctional
activity of osteoblasts is usually changed, which
is followed by decreased bone formation and
changes in osteocyte number. So, normally in
healthy humans, number of osteocytes decreases
for one third part from about 30 years of age until
90 years. Aging changes in bone cell number in
cows are not known, however, we suggest about
persistence of the same morphopathogenetical
principle in these animals. It means that number of
osteocytes increases while their lacunae decrease,
because osteoblasts produce lesser amount of
bone substance in comparison with intact bone,
which explains the thinned trabeculae (Mullender
et al., 1996). Additionally, osteoporosis is the most
common type of bone disease in humans and also
a problem in high productive cows. Osteopenia in
this disease means also decrease in the amount of
calcium and phosphorus in the bone, bones can
become weak and brittle, thus increasing the risk
for fractures (Dou, 2006). Disturbances in cows’
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organism metabolism (milk fever) and skeletal
fluorosis are diseases bounded with osteoporosis.
These bone diseases have been described in some
regions of Canada (Obel, 1971; Shupe, 1972).

Interesting data have been found about presence of
growth factor BMP in bone and cartilage of seemingly
healthy cows, where it is known to stimulate growth.
Osteoinduction is the process of building, healing and
remodeling of bone stimulated by bone morphogenetic
proteins (Pecina et al., 2002). The investigations of
BMP have discovered a family of these substances in
human blood and bones able to promote the formation
of bone and skeleton and to help mend broken bones
(Reddi, 1994; Sakou, 1998).

The role of BMP in the cows investigated in the
present research seems more compensatory giving
evidence about stimulating of growth also in adult
animals with some problems in bones. FGFR was
detected mainly in cartilage in our animals and in lesser
amount it was expressed by bone cells. The research
suggests correlations and interactions between FGFR
and apoptosis, and both matrix metalloproteinases in
which distribution the same relation was observed. The
most important interaction between all these indices
indicates the growth and proliferation stimulating role
of FGF in the background of degradation in matrix,
mainly observed in cartilage (despite its almost
unchanged structure in routine slides) and apoptosis,
also mainly affecting the cartilage. The relations of
these factors also discover the real damage of the same
hyaline cartilage. Our data respond to the data about
fibroblast growth factors as family of growth factors
are involved not only in embryonic development,
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but also in wound healing (Borland et al., 2001;
Bottcher, Niehrs, 2005). Additionally, Frenz et al.
(1994) investigated FGF induction in chondrogenesis
and proved its stimulating role in the regulation of
chondrogenesis during otic capsule formation in
mouse inner ear in Situ.

Besides above mentioned, fibroblast growth
factor and bone morphogenetic proteins are important
regulators of mesenchymal, preosteoblast, and
osteoblast apoptosis in suture areas (Fromigue et
al., 2005). Generally, in the bone, osteoblasts and
osteocytes might die in way of apoptosis-rising bone
hipermineralization. The amount of collagen fibers
decreases with age, but also during osteoporosis and
such, and remodeled bone become easier damaged
(Schnitzler et al., 2005).

Finally, proliferation of connective tissue and
blood vessels in Haversian channels seen in almost
all cow bones also demonstrate the role of some
growth factors like FGF that is described to stimulate
proliferation of endothelial cells, angiogenesis, and
even development of granulative tissue (Kawamata et
al., 1997).

In such a way, we observed an important for
seemingly healthy dairy cows row of structural
changes in bones that bring some new understanding
about real welfare of these animals. Despite the
importance of skeleton for cows, research on its
structure, changes and possible origin of various
diseases has been relatively neglected up to now and
should be investigated more in future.

Conclusions

1. Main changes in bone of healthy dairy cows
demonstrate variations in number of osteocytes
per mm? (mainly increase), variation in diameter
of osteones and different bone density in
trabecules, intensive proliferation of connective
tissue, and abundance of small capillaries in
osteon channels, which proves the morphological
picture of regional osteoporosis in long bones
with changed calcium and phosphate relation.

2. Bone morphogenetic proteins are expressed in
both articular cartilage and bone where growth
of supportive tissue is stimulated and selectively
doesn’t correlate with changes of other growth
factors.

3. FGFR, apoptosis, MMP2, and MMP 9 affect
the articular cartilage more than the long bone
in healthy cows despite the unchanged cartilage
structure in routine morphology. Apoptosis and
degradation of supportive tissue matrix by MMP
seem to correlate, but increased expression of
FGFR indicates more compensatory defense
reaction on damage of articular cartilage and long
bones in seemingly healthy cows.
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Anotacija

Darba mérkis bija veselu govju, kuram bija pilnvertigs baribas nodro$inajums un izslaukums vid&ji 5000
kg gada, kaulu rutina morfologiska izpéte ar kaulaudu aug8anu veicino$o un kaulaudu matrici degenergjoso
faktoru noteikSanu. P&c nokauSanas piecam slaucamam govim tika pemti humerus kaula audu paraugi, kurus
sagatavoja ar ,,Cutting-Grinding” tehniku. Tika noteikti kaula augSanas faktori (MBP 2/4 — kaulu morfogenétiskais
proteins 2/4, FGFR — fibroblastu augSanas faktora receptors), $tinu apoptozi noteica ar TUNEL reakciju, matricas
degeneraciju — ar metalopeptidazém (MMP2 — matrices metaloproteaze 2 jeb kolagenaze A un MMP9 — matrices
metaloproteaze 9 jeb kolagenaze B). Kaulaudu griezumos bija redzami tievi kaulu balkisi ar vari€josu osteocttu
skaitu. Osteonu izméeri bija dazadi. Atseviskos osteonu kanaliSos bija saviesuSies saistaudi, ka arT siki asinsvadu
kapilari. Vérojami bija dazada blivuma graudainas struktiiras, bazofilas substances laukumi. LocTtavas skrimslis
rutinas griezumos nebija izmainits. Skrimsli un pasa kaula visiem dzivniekiem atrada nedaudz BMP 2/4 saturosu
$tinu. Daudzi hondrociti izdalija FGFR1, bet spongiozaja kaula tie bija nedaudzos osteocitos. Apoptoze bija skarusi
galvenokart hondrocitus. Skrim§la noardiSana piedalijas abas metaloproteazes. Osteocitu skaits, kas izdalfja Sis
kolagenazes, bija mainigs. Kaulu paraugos, kas nemti no veselam slaucamam govim p&c nokauSanas, bija
redzami varigjosa skaita osteociti un dazada diametra osteoni, kaulu blivums bija mainigs. Osteonu kanali bija
pilditi ar saistaudiem un maziem asins kanaliSiem, kas norada uz regionalu osteoporozi. Locitavu skrimsli tika
atrasts BMP — kaula augSanas stimulators, bet apoptoze un ar matrices degeneraciju saistitas MMP taja, liekas,
korelgja. FGFR izdaliSanas pieaugums noradija uz balstaudu kompensé&tu reakciju.
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Slaucamo govju dzemdes morfologija pecdzemdibu perioda
Morphology of Cow’s Uterus in Postparturition Period

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

Abstract. Cow’s uterus biopsy samples were taken in winter 2004/2005 in the research and training farm
“Vecauce”. Histological investigations were performed at the Institute of Anatomy and Anthropology of
Riga Stradins University. Ten cows were biopsied twice — in the first and fifth week of postparturition period.
The results showed hyperemia, different level of infiltration of tissue with neutrophils, lymphocytes and
macrophages, oedema, detachment of lining epithelium, and erosive surface of mucous membrane in separate
samples in the first week after parturition. Four weeks after parturition, hyperplasia of basal cells, hyperemia,
proliferation of endometrial glands, perivascular and periglandular infiltration with inflammatory cells, as
well as lymphatic follicules were found in separate samples. A mild positive correlation (r=0.41; p<0.01)
between infiltration of endometrium with neutrophils and with macrophages was detected in the first week
after parturition. A mild positive correlation (r=0.52; p<0.01) between neutrophils and lymphocytes, as well as
between lymphocytes and macrophages (r=0.35; p<0.01) was found four weeks after parturition. A significant
(p<0.01) increase in neutrophils, lymphocytes and macrophages was characteristic to cow’s uterus samples
between first and fifth week after parturition. These changes are suggested to correlate with immune system
activation in cow’s postparturition period. Four weeks after parturition, a dense infiltration of neutrophils,
lymphocytes and macrophages was observed in the uterus of dairy cows without any clinical inflammation
signs in animals.

Key words: cows, uterus, postparturition, morphology.

Govim péc dzemdibam vienmér VvErojama
polimorfonuklearo leikocTtu un citu iekaisuma Siinu

levads
Slaucamam govim invollcijas periods, kas

fiziologiski ilgst 25 lidz 30 dienas péc dzemdibam,
ir viens no kritiskakajiem periodiem reproduktivas
sisttmas slimibu etiologija (Twardofi et al., 2002).
Ka riska faktori, kuri rada priekSnosacijumus
reproduktivas sistémas slimibam un traucgjumus
dzemdes involiicijai, minami dzemdibu palidzibas
sniegSana dzemdibu laika un manipulacijas
pe€dzdzemdibu perioda, kad dzemdes dobuma var
nok]tit mikroflora un radit dzemdes infekciju (Meglia,
2004).

Otraja diena péc dzemdibam dzemdes glotadas
histologiskajos izmekl&jumos verojams vienkartas,
vienrindas epitélijs, kurs vietam ir bojats. No tresas [idz
picktajai dienai turpinas glotadas epitélija atdalisanas
un sabrukSana, bet 11. diena sakas epitelizacijas
procesi dzemdes glotadas bojatos regionos, kas
turpinas Iidz 14. dienai. No 21. Iidz 30. dienai pé&c
atneSanas dzemdes glotada ir klata ar vienkartas,
vienrindu epitéliju, kam atseviskas vietas ir pseido-
daudzrindu raksturs. Dzemdes dziedzeru slanis péc
dzemdibam ir vaji attistits, dziedzeriem ir izstiepta
forma, un [idz pat 20.-30. dienai péc dzemdibam
var biit vérojamas degenerativas dziedzeru izmainas
(EmenbsinoBa, 1974).

58

infiltracija dzemdes audos, jo agra pé&catneSanas
perioda govju dzemdes dobuma atrodama plasa

spektra mikroorganismu asociacijas, pieméram,
Escherichia coli, Actinomyces pyogenes,
Pseudomonas aeruginosa, Staphylococcus sp.,

Sreptococcus sp. un Pastereula multocida, ka arT
anaerobie mikroorganismi — Clostridium, Bacteroides
un Fusobacterium sp. (Twardon et al., 2000; 3BepeBa
n XomuH, 1976). Persistentu infekciju spgj izraisit
Actinomyces pyogenes (Bondurant, 1999; Lewis,
1997). Savukart autori Dulbinskis un Jemeljanovs
(2006) govim pirmajas nedelas pec atnesanas dzemdes
dobuma eksudata 81.6 % gadijumu konstat&jusi vienas
mikroorganismu sugas parstavjus — monokultiiru.

Ja dzimumsistéma tiek inficéta, sniedzot dzemdibu
palidzibu vai ienesot infekciju pEcdzemdibu
manipulaciju laika, veselas govs organisma ta izzad
divu [idz trTs ned€lu laika p&c atnesanas (Bondurant,
1999), bet LeBlank un citi (2002) apgalvo, ka $im
procesam janotiek Iidz 26 dienam p&c atneSanas.
Savukart Kask un citi (1999) uzskata, ka dzemdes
dobuma atveseloSanas process norit sesas nedélas
pec atnesSanas. Govs endometrija inficESanas ar
nespecifisku mikroorganismu infekciju galvenokart
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rada neitrofilo leikocTtu infiltraciju dziedzeru slani
un dzemdes lumena. Neitrofilie leikociti fagocite
mikroorganismus, un arT limfociti un eozinofilie leikociti
var piedaltties ickaisuma reakcija (Bondurant, 1999).

Klmiski involiicijas procesa norise un art dzemdes
iekaisuma raksturs tiek noteikts p&c lohiju un/vai
izdalijumu rakstura, bet histologiskajos izmekl&jumos
to vert€ péc patologisko izmainu pakapes dzemdes
audos. Tadgjadi dzemdes glotadas virsmas epitélija
atdaliSanas un mérenu neitrofilo leikocTtu un limfocitu
infiltracija lamina propria tiek apziméta par vieglu
endometritu. Viegla endometrita gadijumos vérojama
atsevisku endometrialo dziedzeru degeneracija un
to epitelialo stinu nekroze (Javed, Khan, 1991). Par
vidgja smaguma endometritu tiek apziméti gadijumi,
kad bez iepriekSmin€tajam pazimém verojama
bliva limfocttu un plazmocitu infiltracija dzemdes
dziedzeru slani un fibroblastu proliferacija ap daziem
endometrija dziedzeriem. Saja gadijuma atrodama ar
periglandulara un perivaskulara leikocttu infiltracija
(Bonnett et al., 1991), ka arT atsevisku endometrialo
dziedzeru deformacija un to cistiska parveidoSanas
(Javed, 1991).

Joprojam nav vienota uzskata par to, ka norisinas
slaucamo govju organisma aizsardzibas procesi
dzemdes glotada involicijas perioda. Latvija ir veikti
govs endometrija morfologijas pétijjumi govim—
donoriem saistiba ar hormonalo statusu un procesiem
olnicas (Anrane, 1990)undzemdeshistomorfologiskie
petijumi slaucamam govim p€catnesanas perioda
(EmenbsioBa, 1974).

Misu pétijuma mérkis bija pétit govs dzemdes
glotadas morfologiskas parmainas pecatneSanas
perioda.

Materials un metodes

Petfjuma ieklautas desmit Latvijas briinas (LB)
Skirnes govisno LLU MPS ,,Vecauce” slaucamo govju
ganampulka novietnes ,,Ligotnes” 2004./2005. gada
ziemas perioda. Dzemdes glotadas un zemglotadas
dziedzeru slana biopsijas paraugi nemti pirmaja
nedéla péc atnesanas no govju griisna dzemdes raga,
lai noskaidrotu iesp&jamas iekaisuma izmainas.
Manipulaciju atkartojam péc 4 ned€lam, t.i., 5. nedéla,
kad fiziologiski ir beidzies involicijas process.

Dzemdes glotadas biopsija veikta ar originalu
biopsijas instrumentu, kas razots Danijas uznpémuma
»Kruuse”. P&c audu paraugu iegliSanas tos ievietoja
neitrala 10% formalina $kiduma, pH — 7.5 (Humason,
1967). Histologiskie izmekl&jumi veikti Rigas
Stradina universitates Anatomijas un antropologijas
institita Morfologijas laboratorija. Govju dzemdes
audu paraugi tika atidenoti, attaukoti un ieslégti
parafina blokos, griezti ar mikrotomu, krasoti ar
eozinu un hematoksilinu (Aughey, Frye, 2001) un
izmekl&ti ar gaismas mikroskopu ,,Leica BME”.
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Dzemdes satura mikrobiologiskie izmeklgjumi
veikti LLU Biotehnologijas un veterinarmedicinas
zinatniska  institdta ,,Sigra”  mikrobiologijas
laboratorija. Mikrobiologiskie izmekl&jumi veikti
pcc visparpiepemtam standartmetodém LVS ISO
7218:1996 un LVS NE ISO 6887-1:1999, ka ar1
LVS NE ISO 4833:2003 L.

Datu statistiskaja apstradg lietots Stjudenta t tests
vienas paraugkopas analizei, Vilkinsona tests divu
saistitu paraugkopu analizei (Paura un Arhipova,
2002), nelinearas un linearas regresijas modeli, ka ar1
divfaktoru un daudzfaktoru korelacija (Arhipova un
Balina, 2003).

Rezultati un diskusija

Slaucamo govju dzemdes dobuma glotadas
biopsijas paraugos, kas nemti pirmaja ned€la péc
atneSanas, tika konstatéta bazalo Stinu hiperplazija,
pereklveida (1.a att.), zemepitelija (1.b att.) un difizi
endometrija (1.c att.) pilnasinigi asisnsvadi, tiiska
dzemdes audos (1.d att.), bet atseviskos paraugos —
eroziva glotadas virsma.

Cetras nedglas péc atne$ands joprojam bija
verojama asinsvadu pilnasiniba dzemdes glotada,
izteikta neitrofilo leikocitu, limfocitu un makrofagu
infiltracija ap dziedzeru izvadiem un dziedzeru
proliferacija. Atseviskos paraugos bija verojami
izveidojusies limfoidie mezglini dziedzeru slant
(l.e att.). Trijam govim, kuram pirmaja ned&la péc
atneSanas dzemdes satura bijakonstatéti Staphylococcus
gints mikroorganismi, Cetras nedélas vélak atrada
intensivu ieckaisuma Stinu infiltraciju dzemdes audos, lai
gan otraja baktereologiskas izmekl&$anas reize (Cetras
nedglas peéc dzemdibam) infekcijas ierosinataji minéto
govju dzemdes satura paraugos netika konstatéti. Citi
autori intensivu iekaisuma $tnu infiltraciju dzemdes
glotadas dziedzeru slant dzemdes involiicijas perioda
konstatgjusi tikai 25% gadijumu (Bonnett et al., 1991),
citi — vairak neka 30% gadijumu (Emenbsnosa, 1974).

Visam izmekl&tajam govim dazadas kombinacijas
konstatgja plasa spektra mikroorganismu asociacijas,
79% gadijumu izdalot Echerichia coli, 63% -
Staphylococcus aureus, 58% — Enterococcus faecalis,
38% — Bacillus sp., 33 % — Staphylococcus sp., 33%
— Micrococcus sp., 8% — Proteus vulgaris, 8% — B
hemolizgjosa Streptococcus gints mikroorganismus,
8% — Bacillus lichteniformis, un 8% — Hafnia alvei.

Neitrofilo leikocTtu infiltracijas pakape dzemdes
glotadapirmajanedelapecatnesanas att€lotaarlinearas
regresijas modeli, nemot véra dzemdibu laika dzemdes
dobuma iekluvuso mikroorganismu daudzumu (skat.
2. att.). Japiemin ari, ka infiltracijas amplitiida starp
atseviskam govim nebija bitiski atSkiriga (p>0.05).
Savukart Cetras nedélas péc atne$anas v&rojamas
loti plasa iekaisuma S§tinu infiltracijas intensitates
atSkiribas (p<0.05) starp atseviskam govim.
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1. att. Morfologiskas parmainas govs dzemdes audos pécdzemdibu perioda (krasojums ar hematoksilinu un eozinu):
a — pereklveida pilnasinigi kapilari un iekaisuma $tinu infiltracija endometrija, X 100; b — subepitelialo kapilaru
pilnasiniba, X 200; ¢ — diflizi izvietotu kapilaru pilnasiniba un ickaisuma $tinu infiltracija endometrija, X 100; d — dalgja
dzemdes virsmas epitélija atdaliSanas un glotadas tiiska, X 100; e — limfoidais mezglin§ endometrija (bultina), dziedzeru
proliferacija, periglandulara un perivaskulara ickaisuma $tinu infiltracija, X 100.

Fig. 1. Morphological changes in cow’s uterus in postparturition period (haematoxylin and eosin staining):
a — focus-type hyperemia and infiltration of endometrium with inflammatory cells , X 100; b — subepithelial hyperemia,
X 200; ¢ — hyperemia of diffuse-arranged capillaries and infiltration of endometrium with inflammatory cells, X 100;
d — partial detachment of lining epithelium and oedema in mucuous membrane, X 100; e — lymphatic follicule in
endometrium (arrow), proliferation of endometrial glands, periglandular and perivascular infiltration of endometrium with
inflammatory cells, X 100.
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2. att. Neitrofilo leikocTtu skaita dinamika govs dzemdes audos 1. un 5. nedéla péc atnesanas.
Fig. 2. Dynamics of neutrophils in cow’s uterus in the 1st and Sth week after parturition.
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3. att. Iekaisuma $tinu skaita dinamika govs dzemdes audos 1. un 5. ned€la péc atnesanas
Fig. 3. Dynamics of inflammation cells in cow’s uterus in the 1st and Sth week after parturition.

ArT makrofagu un limfocttu infiltracija dzemdes
audos pirmaja ned€la péc dzemdibam bija ranzgjama
atkariba no dzimumsisteémas inficéSanas intensitates
dzemdibu laika. Miisuprat tas liecina par organisma
prestestibas sp&ju nozimi pécdzemdibu perioda, ko
atzime arf citi autori (Lewis, 1997; Meglia, 2004).

Pirmaja nedgla pec atneSanas govim endometrija
noveéroja statistiski nozimigu (p<0.01), vid€ju pozitivu
korelaciju (r=0.41) starp makrofagu un neitrofilo
leikocTtu infiltraciju. Savukart ceturtaja nedela péc
atnesSanas govju dzemdes glotadas biopsijas paraugos
konstatgja statistiski biitisku (p<0.01), vid&ju pozitivu
(r=0.52) korelaciju starp neitrofiliem un limfocitiem,
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ka ar1buitisku, videju pozitivu korelaciju (p<0.01) starp
limfocTtiem un makrofagiem (r=0.35). Tas liecina, ka
govim pirmaja nedela pec atnesanas dzemdes audos
sakotngji prevale celularie, bet v€lak, iespgjams,
aktivizgjas humoralie aizsardzibas mehanismi.
Iekaisuma $iinu statistiska analize divam saistitam
paraugkopam radija, ka Cetras ned€las p&c atnesSanas,
salidzinot ar pirmo ned€lu, neitrofilo leikocttu,
makrofagu un limfocitu infiltracijas piecaugums
govs dzemdes glotadas audos ir bitisks (p<0.01)
(skat. 3. att.). Tas pamato uzskatu, ka govs dzemde
ir spgjiga atjaunot fiziologisko vidi dzemdé laika
posma lidz cetram ned€lam (Le Blank et al., 2002;
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Kask etal., 1999). Tomer jaatzimé, ka Sie apgalvojumi
bija balstiti uz infekcijas izzuSanu attalinata laika
perioda péc dzemdibam. Miisu pétfjuma ieklautajam
govim Cetras nedélas péc dzemdibam no dzemdes
dobuma neizolgjam infekcijas ierosinatajus, tomer,
salidzinot pirmo un piekto nedélu péc atneSanas,
iekaisuma Stnu infiltracija dzemdes audos bija
palielinajusies par 83.34%.

Miisu pétjums liecinaja, ka slaucamo govju dzemdes

audos Cetras ned€las péc atneSanas var bit intensiva
iekaisuma S$tnu infiltracija bez kliniskam dzemdes
ickaisuma pazimém. Domajams, $is process jauzskata
ka involiicijas mikroprocesu dala. Tatad miisu p&tijums
pierada, ka dzemdes involiicijas mikroprocesi slaucamam
govim norit vel piektaja nedéla pec dzemdibam.

Secinajumi

1.

Pirmaja nedéla péc atneSanas slaucamo govju
dzemdes glotada vérojama hiperémija, dazadas
intensitates iekaisuma S$tnu infiltracija, tiska,
vietam virsmas epitélija atdaliSanas un eroziva
dzemdes glotadas virsma.

Cetras nedélas péc dzemdibam govs dzemdg
vérojama bazalo Stnu hiperplazija, pilnasinigi
asinsvadi, dziedzeru proliferacija, perivaskulara
un periglandulara iekaisuma $iinu infiltracija, ka
arT limfoidie mezglini atseviskos paraugos.
Pirmaja nedgla p&c atnesanas govim endometrija
verojama statistiski nozimiga (p<0.01), vidgja
pozitiva korelacija (r=0.41) starp makrofagu un
neitrofilo leikocttu infiltraciju. Savukart ceturtaja
nedéla péc atnesanas govju dzemdes glotadas
biopsijas paraugos konstatSta statistiski bitiska
(p<0.01), vidgja pozitiva (r=0.52) korelacija starp
neitrofiliem un limfocitiem, ka arT butiska, vidgja
pozitiva korelacija (p<0.01) starp limfocitiem un
makrofagiem (r=0.35).

Neitrofilo leikocttu, makrofagu un limfocitu
infiltracijas pieaugums govs dzemdes audos ir
statistiski nozimigs (p<0.01) pecdzemdibu attalinata
laika perioda cetras nedélas pec dzemdibam.
Slaucamo govju dzemdes audos piektaja nedéla
pEc atneSanas var biit intensiva ickaisuma Stinu
infiltracija bez kliniskam dzemdes iekaisuma
pazimém.
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Hematologiskie raditaji kazam péc to eksperimentalas invadeSanas ar
Ostertagia/Teladorsagia circumcincta
tresas attistibas stadijas (L,) kapuriem
Haematological parameters of goats after their experimental
invasion with Ostertagia/Teladorsagia circumcincta
third development stage (L,) larvae
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LLU Veterinarmedicinas fakultates Prekliniskais institiits, e-pasts: Edite.Birgele@llu.lv
Preclinical institute, Faculty of Veterinary Medicine, LLU e-mail: Edite.Birgele@llu.lv

Abstract. The research was done at the Experimental animal hospital of the Faculty of Veterinary Medicine
of the Latvia University of Agriculture. Four experimental groups were arranged, five animals in each: two
groups of adult goats at the age of 1-2 years and two groups of kids, 2-3 months old. All goats were operated
for insertion of chronic rumenal and abomasal fistulae. Additionally, digestive strongylida larvae were cultured
for artificial infection of goats. Each animal of one adult goat group and one kid group was infected via rumenal
fistula with 5000 O. circumcincta L, larvae, but the other animals — with 10 000 O. circumcincta L, larvae.
To estimate the level of invasion, examination of faeces was made starting from day three every day after
strongylida larvae infection. Blood samples in goats were taken five times before the invasion and five times
in the third and fourth week after invasion. Changes in blood haematological parameters were observed in
goats that received O. circumcincta L, larvae: the count of eosinophil leucocytes significantly increased from
1.63-3.00% to 12.20%-14.00% (p<0.01). The count of lymphocytes in blood of older animals decreased from

52.58% to 36.70%, but in kids increased from 58.60% + 10.35 to 70.35% =+ 7.2 (p<0.01).
Key words: O.circumcincta, experimental invasion, goats, haematological parameters.

levads

Kazu audzgtajiem ievérojamus zaud&umus var
radit parazitaras invazijas, t.sk. arT dzivniekiem
glumenieka parazit§josie Ostertagia/Teladorsagia
circumcincta  (O.circumcincta) un  Haemonchus
contortus (H.contortus ) veltptarpi. Invadétajiem
dzivniekiem ir vairak vai mazak izteikta diareja, tie
novaje, klist anémiski, samazinas piena produkcija.
Noverots, ka parazitu ietekmé dzivniekiem mainas
asinu hematologiskie un biokimiskie raditaji, pie kam
pirmie reagé eozinofilie leikociti un limfociti (Scott
etal., 1998; Balic et al., 2000; Hertzberg, Bauer, 2000;
Jasmer et al., 2007). Intensivas gremoSanas organu
parazitu invazijas gadjjuma novero izmainas ari asinu
olbaltumvielu sastava (Smith, Sherman, 1994).

Literattiras dati par eozinofilo leikocttu aktivitati
pie dazadam gremosSanas organu strogilatu invazijas
pakapem ir visai pretrunigi. Dazi autori (Balic
et al.,, 2000; Jasmer et al., 2007) konstat&jusi, ka
ar O.circumcincta invad@tiem jeriem eozinofilo
leikocTtu daudzums asinis palielinas septitaja—
devitaja pécinvazijas diena, turpmak lidz 14. dienai
to daudzums nedaudz samazinas, bet péc tam, lidz
21. dienai, atkal paaugstinas. Balic ar lidzautoriem
(2000)  akcentgjusi, ka eozinofilo leikocitu
daudzums paaugstinas tiesi péc dzivnieku atkartotam
invazijam.
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Citi petnieki (Hertzberg, Bauer, 2000) noverojusi
eozinofilo leikocitu skaita paaugstinasanos devitaja
diena p&c invadésanas un to samazinasanos - sakot ar
34. dienu. Atzime@ts ar1 paaugstinats limfocitu skaits
asinis 34 dienas péc dzivnieku invadésanas. Ceturtaja
diena peéc eksperimentalas jéru invadesanas ar lielu
skaitu (200 000) L, Ostertagia ostertagi kapuriem
noverota limfocTtu skaita palielinasanas asinis (Balic
et al., 2000). Konstatets ar1, ka, pirmo reizi invadgjot
jérus ar H.contortus kapuriem, leikocitu daudzums
asinis paaugstinas 14.—15. diena (Charleston, 1965;
Salman, Duncan, 1984). Dazi autori konstatgjusi,
ka p€c piecus méneSus vecu jéru invadeSanas ar L,
H.contortus (50 000) kapuriem tikai neliela leikocitu
skaita palielinasanas paradas picktaja pécinvadésanas
diena, bet ievérojami paaugstinas leikocTtu skaits
asinis tiem j€riem, kuri bija invad@ti ar pieauguSiem
H.contortus parazitiem (Balic et al., 2000).

Kas attiecas uz kazam, tad literatiira ir dati, ka ar
H.contortus invadétiem dzivniekiem Iidz 28. dienai
strauji paaugstinas eozinofilo leikocttu daudzums
asinis, bet tad tas atkal samazinas, 52. diena sasniedzot
normas robezas (Patterson et al., 1996).

Jaatzimé, ka H.contortus invazijas gadijuma jeriem
ir noverota arT leikocTtu aktivizéSanas glumenieka
glotada (Charleston, 1965; Salman, Duncan, 1984;
Balic et al., 2000). Paaugstinatu eozinofilo leikocTtu
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skaitu glumenieka glotada konstat€ja jériem piektaja
pecinvazijas diena p&c to vienreizgjas invadéSanas
ar H.contortus. Savukart gadijuma, kad jéri pirmo
reizi tika maksligi invadéti ar 50 000 O.circumcincta
L, stadijas kapuriem, eozinofilo leikocitu skaita
paaugstinasanas tika konstateta 10. un 2 1. p&cinvazijas
diena (Stevenson et al., 1994).

Misu darba meérkis bija izpétit hematologisko
raditaju izmainas kazam péc to eksperimentalas
invad@Sanas ar strongilatu Ostertagia/Teladorsagia
circumcincta tresas attistibas stadijas (L,) kapuriem.

Materials un metodika

Petfjumi  veikti LLU  Veterinarmedicinas
fakultates eksperimentalo dzivnieku stacionara
oktobri, novembri un decembri. Tika izveidotas
Cetras eksperimentalo dzivnieku grupas: divas
pieaugusu kazu grupas (vecuma no viena lidz diviem
gadiem) un divas jaundzivnieku grupas (vecuma no
diviem Iidz tris méneSiem). Katra grupa bija pieci
dzivnieki. Visam kazam iepriek§ tika icoperétas
hroniskas spurekla un glumenieka fistulas. Jaatzime,
ka visu grupu dzivnieki, uzsakot p&tijumus, bija brivi
no parazitiem un klmiski veseli. To &dinasanas un
turéSanas apstakli petijumu laika bija identiski.

Visu grupu kazam vairakkartigi veica koprologisko
izmekleéSanu ar MacMastera metodi (Hansen, Perry,
1994). Koprologiskais materials talakai gremo$anas
organu strongilatu kapuru kultivésanai iegtits Jelgavas
rajona kazu audzeSanas saimnieciba “Licisi”. Parazitu
kapuru kultivésana veikta Veterinarmedicinas
fakultates Partikas un vides higi€nas institlta
Parazitologijas laboratorija.

Kad kapuri sasniedza invad&tspgjigu stadiju, t.i.,
péc divam nedélam, tie péc Bérmana metodes tika
izoléti no fekalijam, identificéti pec morfologiskam
pazimém un ievaditi kazam caur spurekla fistulu
(Hoste et al., 2001). Vienas pieauguso un vienas
jaundzivnieku grupas katrs dzivnieks sanéma 5000
O. circumcincta L, kapuru, bet otras grupas kazas —
attiecigi 10 000 O. circumcincta L, kapuru.

Lai novertétu invazijas pakapi, sakot ar treSo dienu
pec strongilatu kapuru ievadiSanas spurekli, kazam
katru dienu parbaudija fekalijas uz O.circumcincta
olu klatbatni.

Asins paraugus kazam n€ma piecas reizes pirms
dzivnieku invadésanas, ka ari piecas reizes treSaja—
ceturtaja nedéla pec to invadésanas. Asinis noteica
$adus raditajus: hematokritu (PCV), eritrocttu skaitu,
hemoglobina daudzumu, leikocitu skaitu, ka ari
leikocitaro formulu. Hematologiskie raditaji noteikti
pec visparpienemtajam standartmetodém.

Hematologisko izmekl&jumu rezultatu statistiska
apstrade veikta ar programmas ,,MC Exel” palidzibu.
Katram raditajam aprékinata vidgja aritmétiska
vértiba un standartnovirze. Lai salidzinatu un
novertétu asins raditaju izmainas starp kazu pétijjumu
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grupam, izmantots F-tests divu paraugkopu dispersiju
salidzinasanai un T-tests divu paraugkopu vidgjo
vertibu salidzinasSanai ar vienadam vai atSkirigam
dispersijam (Arhipova, Balipa, 1998).

Rezultati un diskusija

Koprologiskie  izmeklgjumi  paradija, ka
petijumiem atlasitie dzivnieki visuma bija uznemigi
pret O.circumcincta invaziju. Visam kazam tresaja vai
ceturtaja nedela péc to eksperimentalas invadéSanas
fekalijas konstat€jam raksturigas parazitu olas.
Pieaugusiem dzivniekiem péc to invadésanas ar 5000
O.circumcincta L, kapuriem parazitu olu daudzums
viena grama fekaliju varigja robezas no 114 Iidz 250.
Divus—trTs méneSus vecajiem kazléniem invazijas
intensitate bija nedaudz augstaka: viena grama
fekaliju konstatgja no 282 lidz 512 O.circumcincta
olu. Tas liecina, ka jaundzivnieki bija uznémigaki pret
O.circumcincta invaziju neka pieaugusie dzivnieki.
Tomér jaatzimé, ka invadetajiem dzivniekiem
neviena grupa kliniskas saslims$anas pazimes netika
noverotas.

Péc dzivniecku eksperimentalas invadé$anas ar
10 000 O.circumcincta L, kapuriem izradijas, ka
pieaugusam kazam $o parazitu olu daudzums viena
grama fekaliju bija 300-430, bet divus—trTs menesus
vecajiem kazléniem attiecigi vairak — 511-624. Tomer
arT Sajas eksperimentalo dzivnieku grupas nevienai
kazai nenov@roja kliniskas saslimSanas pazimes.
Jaatzimg, ka visiem dzivniekiem saglabajas &stgriba,
kermena temperatiira, elpoSanas un sirdsdarbibas
frekvence, ka ar1 spurekla kustibas kazam bija normas
robezas. Tikai vienam kazlénam atzimé&ta fekaliju
konsistences maina, tas kluva mikstakas ar glotu
piejaukumu.

Svarigi bija noskaidrot, vai un ka dzivniekiem
ar  O.circumcincta dazadas invazijas pakapes
atspogulojas asinu hematologiskajos raditajos.

Konstatgjam, ka péc dzivnieku invadéSanas
ar 5000 O.circumcincta L, kapuriem pieaugusam
kazam bitiski (p<0.01) asinis paaugstinajas gan
segmentkodolaino neitrofilo leikocTtu skaits (no
39.15% lidz 49.30%), gan eozinofilo leikocTtu skaits
(attiecigi no 3.00% lidz 12.30%) (skat. 1. tabulu).

To, ka parazitaras invazijas dzivniekiem asinis
noveéro eozinofilo leikocttu skaita paaugstinaSanos,
akcent€jusi ari citi autori (Smith, Sherman, 1994;
Balic et al., 2000). Bet attieciba uz segmentkodolaino
neitrofilo leikocitu skaita paaugstinasanos asinis
kazam, kas invadétas ar O.circumcincta L, kapuriem,
jadoma, ka tas saistits ar organisma reakciju uz
O.circumcincta L, stadijas kapuru nonakSanu
glumenieka (Scott et al., 1998; Balic et al., 2000).

Pieaugot invazijas intensitatei dzivniekos, ko
noverojam kazam péc to eksperimentalas invadésanas
ar 10 000 O.circumcincta L, kapuriem, pieauguSiem
dzivniekiem bitiski (p<0.01) samazinajas limfocitu
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1. tabula / Table 1

Hematologiskie raditaji 1-2 gadus vecam kazam pirms un péc to maksligas
invadéSanas ar 5000 O.circumcincta L, kapuriem
Haematological parameters in 1-2 years old goats before and after their experimental invasion with
5000 O.circumcincta L, larvae

Hematologiskie Normativie raditaji /

raditaji / Haematological Pirms invadéSanas / Péc invadésanas / Normative parameters
parameters Before invasion After invasion (Smith, Sherman, 1994)

Hematokrits, 102 L 3041 +4.14 32.34+£548 22-38
PCV, 10211
Eritrociti, 10> L™ 11.13+£1.98 10.45 £0.87 8-18
Erythrocytes, 102 L™
Hemoglobins, 10 g L™? 10.08 £ 1.15 10.01 £1.32 812
Haemoglobin, 10 g L™
Leikociti, 10° L ~* 8.67+£2.12 7.94+£3.13 4-13
Leukocytes, 10°L *
Monociti, % 3.65+2.76 3.80+£2.07 04
Monocytes, %
Limfociti, % 56.12 + 10.35 52.55+£8.49 50-70
Lymphocytes, %
Eozinofilie leikoctti, % 3.00£1.95 1230 £2.41* 1-8
Eosinophils, %
Stabinkodolainie
neitrofilie leikociti, % 270+ 1.98 3.70 £ 1.59 0
Band neutrophils, %
Segmentkodolainie
neitrofilie leikociti, % 39.15+6.45 49.30 + 8.90* 3048
Segment neutrophils, %

* p<0.01

skaits leikocitaraja formula — no 52.58% Iidz 36.70%,
bet eozinofilo leikocttu daudzums palielinajas
no 1.63% Iidz 13.20% (2. tabula). Dzivniekiem
paaugstinajas ar1 neitrofilo  segmentkodolaino
leikocTtu skaits — [idz normas augstakajai robezai.

Jaatzime, ka arl péc pieauguso kazu
eksperimentalas invad&Sanas ar 5000 O.circumcincta
L, kapuriem, limfocTtu skaitam asinis bija tendence
pazeminaties (skat. 1. tabulu), tomér tas palika
normas robezas. Invadg@jot pieaugusas kazas ar
10000  O.circumcincta L, kapuriem, limfocitu
skaits asinis butiski (p<0.01) pazeminajas — no
52.58% lidz 36.70%. Tas var€tu biit saistits gan ar
zinamu stresu dzivniekiem, ko izraisijusi paraziti
(Smith, Sherman, 1994), gan arT ar iesp&jamo limfas
zudumu gastrointestinalos audos parazitu ietekmé
(Jemeljanovs, Brizule, 1999).

Kas attiecas uz divus Iidz trTs méneSus veciem
kazléniem (3.tabula), tad p&c to eksperimentalas
invadéSanas ar 5000 O.circumcincta L, kapuriem
dzivniekiem asints limfocitu skaits statistiski ticami
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paaugstindjas (no 58.60 % Iidz 70.35 % (p<0.01)),
paaugstindjas arT monocitu daudzums (no 1.95 %
11dz 5.95 % (p<0.01)) un segmentkodolaino neitrofilo
leikocTtu skaits (no 35.85% Iidz 55.65 % (p<0.01)).
Ka redzams 3. tabula, ar 5000 O.circumcincta L,
attistibas stadijas kapuriem invadétiem kazleniem loti
krasi bija paaugstinajies ar1 eozinofilo leikocttu skaits
asinis —no 1.90% Iidz 12.20% (p<0.01).

Ta ka jaundzivnieki ir salidzinosi jutigaki
pret gremoSanas organu strongilatu invaziju neka
picaugusie individi, tad jadoma, ka monocttu un
segmentkodolaino neitrofilo leikocttu paaugstinasanas
asinis tiem V€l vairak ir saistita gan ar stresu, gan
arm ar O.circumcincta L, kapuru migracija raduSos
kairinajumu dzivnieku glumenieka (Smith, Sherman,
1994; Balic et al., 2000).

Attiectba uz limfocTtu skaitu asinis ir jaatzime, ka
tas jaundzivniekiem mainas no piedzimsanas briza
lidz pat piecaugusa individa stadijas sasniegSanai.
Kazléniem piedzimstot, limfocTtu skaits asinis tiem var
biit pazeminats, bet, sakot ar trfs ménesu vecumu, tas
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2. tabula / Table 2

Hematologiskie raditaji 1-2 gadus vecam kazam pirms un péc to maksligas
invadéSanas ar 10 000 O.circumcincta L, kApuriem
Haematological parameters in 1-2 years old goats before and after their experimental
invasion with 10 000 O.circumcincta L, larvae

Hematologiskie Normativie raditaji /
raditaji / Pirms invad&sanas / P&c invadésanas / Normative parameters

Haemotological parameters Before invasion After invasion (Smith, Sherman, 1994)
Hematokrits, 102 L™ 25.87£5.47 35.84 £4.34 22-38
PCV, 102L™*
Eritrociti, 1012 L™ 8.86+0.90 10.30 £ 0.82 8-18
Erythrocytes, 102 L™
Hemoglobins, 10 g L™ 9.04 £0.85 10.80 £ 0.92 812
Haemoglobin, 10 g L™
Leikociti, 10° L™ 7.77+£3.10 8.68 £2.06 4-13
Leukocytes, 10° L
Monociti, % 0.63 £0.74 2.40£0.52 04
Monocytes, %
Limfoctti, % 52.58 £2.05 36.70 £ 6.46 * 5-70
Lymphocytes, %
Eozinofilie leikociti, % 1.63 £0.74 13.20 + 2.86%* 1-8
Eosinophils, %
Stabinkodolainie neitrofilie
leikociti, % 0.25+£0.46 1.30£1.06 0
Band neutrophils, %
Segmentkodolainie
neitrofilie leikociti, % 3146+ 1.79 47.30+9.36 30-48
Segment neutrophils, %

* p<0.01

sasniedz jau aptuveno pieaugusam kazam raksturigo
skaitu (Smith, Sherman, 1994). Tom&r miisu gadfjuma
limfocttu skaita paaugstinasanas invadéto kazlénu
asinis noteikti bija saistita ar organisma atbildes
reakciju uz parazitaro invaziju, ko apliecina ar1
literattiras dati (Scott et al., 1998; Balic et al., 2000;
Hertzberg, Bauer, 2000; Jasmer et al., 2007).

Kazlénus eksperimentali invadgjot ar lielaku
skaitu (10 000) O.circumcincta tresas attistibas
stadijas kapuriem, noveérojam, ka limfocTtu skaits
paaugstinajas no 61.40% lidz 73.42% (p<0.01), bet
eozinofilo leikocTtu daudzums — attiecigi no 2.13%
l1dz 14.00% (skat. 4. tabulu).

Tatad, péc eksperimentalas kazlénu invadéSanas
ar 10 000 O.circumcincta L, attistibas stadijas
kapuriem eozinofilo leikocitu un limfocitu skaita
paaugstinasanas asinis bija aptuveni lidziga tai, kadu
to noverojam péc invadeSanas ar 5000 L, attistibas
stadijas kapuriem.

Tomeér, ja salidzinam limfocTtu skaita dinamiku
asinls pieaugusiem invad€tiem dzivniekiem un
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eksperimentali invadétiem kazléniem, tad noverojam
kadu butisku atSkiribu. Pieaugusam kazam péc to
maksligas invadésanas ar 10 000 O.circumcincta L,
attistibas stadijas kapuriem, limfocitu skaits asinis
butiski pazeminajas, bet divus lidz tris méneSus
veciem kazleniem gan péc to invad&sanas ar 5000
O.circumcincta L, attistibas stadijas kapuriem, gan
attiecigi ar 10 000 O.circumcincta L, kapuriem
atzimgjam butisku limfocitu skaita paaugstinasanos
asinfs (p<0.01). Sadas limfocitu skaita atskiribas
visticamak parada jaundzivnieku imunsist€mas
aktivaku reakciju pret eksperimentali izraisito
gremosanas trakta invaziju (Scott et al., 1998; Balic
et al., 2000).

Kas attiecas uz eozinofilo leikocitu daudzumu
asinis, tad literatiiras dati liecina, ka to skaita
paaugstinasanas helmintozu gadijumos ir viens no
butiskakajiem hematologiskajiem raditajiem (Smith,
Sherman, 1994; Balic et al., 2000; Hertzberg, Bauer,
2000). ArT miisu pétijuma iegilitie rezultati liecinaja,
ka gan pieaugusam kazam, gan divus—tiTs meénesus
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3. tabula / Table 3

Hematologiskie raditaji 2—3 méneSus veciem kazléniem pirms un péc to maksligas
invadeSanas ar 5000 O.circumcincta L, kapuriem
Haematological parameters in 2-3 months old kids before and after their experimental
invasion with 5000 O.circumcincta L, larvae

Hematologiskie Normativie raditaji /
raditaji / Pirms invadésanas / P&c invadésanas / Normative parameters

Haematological parameters Before invasion After invasion (Smith, Sherman, 1994)
Hematokrits, 102 L 30.55+5.62 33.11 £5.69 22-38
PCV, 102L*
Eritrociti, 10> L™ 10.65+2.21 8.98 £2.05 8-18
Erythrocytes, 102 L™
Hemoglobins, 10 g L™ 9.09 £0.89 10.53 +1.01 812
Haemoglobin, 10 g L
Leikociti, 10° L™ 7.94£2.19 10.30 £2.53 4-13
Leukocytes, 10°L?
Monociti, % 1.95£0.94 5.95£3.25% 04
Monocytes, %
Limfoctti, % 58.60 £ 10.54 70.35+7.21% 50-70
Lymphocytes, %
Eozinofilie leikocTti, % 1.90 £ 1.21 12.20 £2.40% 1-8
Eosinophils, %
Stabinkodolainie neitrofilie
leikoctti, % 245+ 1.64 1.60 £ 1.50 0
Band neutrophils, %
Segmentkodolainie
neitrofilie leikocTti, % 35.85£10.17 55.65 £13.12* 3048
Segment neutrophils, %

* p<0.01

veciem kazléniem péc to maksligas invadéSanas ar
5000 un 10 000 O.circumcincta L, attistibas stadijas
kapuriem eozinofTlo leikocttu skaits asins bija butiski
paaugstinats.

Segmentkodolaino neitrofilo leikocitu un
monocTtu skaita raditaju izmainpas asinis gan
pieaugusiem dzivniekiem, gan jaundzivniekiem
visticamak  bija  saistitas ar  organisma
aizsargreakciju, kas radusies, O.circumcincta L,
attistibas stadijas kapuriem migréjot glumenieka.
Jaatzimé, ka  segmentkodolaino  neitrofilo
leikocTtu skaits asinis paaugstinajas tikai péc
eksperimentalas dzivnieku invad@Sanas ar 5000
O.circumcincta L, attistibas stadijas kapuriem gan
pieaugusam kazam, gan arl divus—tris ménesSus
veciem kazléniem.

Monocitu skaita paaugstinasanos asinis novérojam
tikai divus—tris méneSus veciem kazléniem péc to
eksperimentalas invadésanas ar 5000 O.circumcincta
L, attistibas stadijas kapuriem. Ta acimredzot bija
kazlénu organisma atbildes reakcija uz parazitaro
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invaziju (Jemeljanovs, Brizule, 1999). Nobeidzot
velamies velreiz uzsvert, ka biezi sastopama kazu
invad@sanas ar gremosanas trakta veltntarpiem izraisa
tam bitiskas hematologisko raditaju izmainas — pat
ja invazija vél nav radijusi dzivniekiem kliniskas
saslimSanas pazimes.

Secinajumi

1. Divus—tris méneSus veci kazléni ir uzpeémigaki
pret invadéSanu ar O.circumcincta L, attistibas
stadijas kapuriem, salidzinot ar vienu—divus
gadus veciem dzivniekiem.

2. Maksliga kazu invdéSana ar 5000/10000
O.circumcincta L, atfistibas stadijas kapuriem
neizraisija dzivniekiem kliniskas saslimSanas
pazimes.

3. Invadésanas gadijjumos ar O.circumcincta
veltptarpiem kazam asinis izmainas atseviSki
hematologiskie raditaji. Butiski palielinas
eozinofilo leikocitu daudzums — no 1.63%—
3.00% lidz 12.20%-14.00%  (p<0.01),
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4. tabula / Table 4

Hematologiskie raditaji 2—3 ménesus veciem kazléniem pirms un péc to maksligas
invadeSanas ar 10 000 O.circumcincta L, kapuriem
Haematological parameters in 2-3 months old kids before and after their experimental
invasion with 10 000 O.circumcincta L, larvae

Hematologiskie Normativie raditaji /
raditaji / Pirms invadg&sanas / P&c invadésanas / Normative parameters

Haematological parameters Before invasion After invasion (Smith, Sherman, 1994)
Hematokrits, 102 L 30.41 £4.50 34.52+£1.39 22-38
PCV, 102L*
Eritrociti, 102 L? 10.99 +£2.88 9.00 £ 1.50 8-18
Erythrocytes, 102 L
Hemoglobins, 10 g L™ 9.70 £1.03 10.00 + 1.36 812
Haemoglobin, 10 g L
Leikociti, 10°L™* 9.29+£234 10.00 £ 2.30 4-13
Leukocytes, 10° L
Monociti, % 2.25+0.89 3.00+1.16 04
Monocytes, %
Limfoctti, % 61.40£5.33 73.42 £1.62% 50-70
Lymphocytes, %
Eozinofilie leikociti, % 2.13£0.64 14.00 £ 3.02* 1-8
Eosinophils, %
Stabinkodolainie neitrofilie
leikoctti, % 1.38+£1.06 0.92 £ 0.67 0
Band neutrophils, %
Segmentkodolainie
neitrofili leikoctti, % 35.90£4.72 35.33+£4.83 3048
Segment neutrophils, %

* p<0.01

bet limfocitu daudzuma izmainas asinis ir
saistitas ar dzivnieku vecumu: pieaugusiem
dzivniekiem péc invad@Sanas limfocTtu skaits
asinTs samazindjas, bet kazleniem, tiesi pretgji,
paaugstingjas. Jaundzivniekiem p&c 5000
O.circumcincta L, attistibas stadijas kapuru
ievadiSanas asinis paaugstindjas arl monocttu
un segmentkodolaino neitrofilo  leikocitu
daudzums.
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Dazu rentgenomorfometrisko parametru salidzinoSs vertéjums
giiZzu locitavu displazijas diagnostika suniem
A Comparative Assessment of Some X-ray Morphometrical Criteria
for Hip Dysplasia Diagnostics in Dogs

Oskars Kozinda, Zigmunds Bruveris
LLU Veterinarmedicinas fakultates Kliniskais institiits
Clinical Institute, Faculty of Veterinary Medicine, LLU

Abstract. The objective of the investigation was to make a diagnosis of hip dysplasia as objective and precise
as possible by using several x-ray morphometrical measurements, to make a comparative analysis of the
measurements by using linear regression analysis, and finally to calculate the value of the obtained parameters
and ranks. In total, 36 radiograms of Rottweiler breed dogs and 24 radiograms of other breed dogs of different
ages and both sexes, which belonged to owners, were used for the research. In each of the radiogram, 6
morphometrical measurements of the right and left hip joint were made: the Norberg angle, the inclination
angle, the tangential angle, the geometrical centre placement of the CFH, the width of the lateral joint fissure
(cleft, slit, and gap), and the width of the medial joint fissure (cleft, slit, and gap). The obtained results suggest
that in order to make the diagnosis in dogs of Rottweiler breed, the most essential parameters are the tangential
angle, the geometrical centre placement of the CFH, and the Norberg angle, but in dogs of other breeds — the
Norberg angle, the inclination angle, the geometrical centre placement of the CFH, and the width of the lateral

joint fissure.
Key words: hip dysplasia, dog, breed, measurements.

levads

Gilizu locitavu displazija (GLD) ir viena no
aktualakajam ortopediskajam problémam, kas jarisina
mazo dzivnieku veterinararstiem (Alexander, 1992;
Kapatkin et al., 2004; Impellizeri et al., 2000).

Kapéc supiem S§1 probléma ir tik svariga?
Galvenokart tapéc, ka giizu locttavas ir tas anatomiskas
struktiiras, kas notur gandriz pusi no supa kaudalas
kermena dalas masas (Morgan, Stephens, 1988;
Tamilson, Laughing, 1995; Cook et al., 1996).

Péc OFA (Ortopedical Foundation for Animals)
publicétiem datiem laika no 1974. Iidz 1991. gadam
apsekotiem 37 497 rotveileru Skirnes supiem 23.3%
gadfjumu bija giizu locttavu displazija. Lietuva
veiktos pétfjumos no 1999. lidz 2003. gadam
1727 izmeklétiem supiem 714 gadjjumos jeb
41.3% konstateéta GLD (Kvalkauskas, 2004). Par
problémas nopietnibu liecina arT petijums, kura GLD
parmantojamiba konstatéta 14 paaudzes (Ilmaxotun
u ap., 1990).

GLD diagnostiku butiski apgritina fakts, ka
supiem 4-8 ménesu vecuma guzu locitavas vél nav
pilnigi izveidojusas, tadel rentgenodiagnostiskie
raditaji var but dazadi interpretéti (Morgan, Stephens,
1988; Lust et al., 2001).

Nemot véra $o faktoru, rentgenogrammu analizei
un novertesanai ir izstradati un ieteikti vairaki kritriji.
Tie galvenokart pamatojas uz giizas locitaviedobuma,
ciskas kaula galvas un ciskas kaula kakla savstarpgja
stavokla un lenkojuma mé&rfjumiem, nosakot to
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parametrus norma un gizu displazijas gadijuma

(Morgan, Stephens, 1988; Mayhew et al., 2002;

Powers et al., 2004).

Darba meérkis:

1) noteikt sadus gizu locitavu morfometriskos
parametrus 36 rotveileru Skirnes supiem un 24
citu Skirnu suniem: Norberga lenki, ciskas kaula
kakla inklinacijas lepki, ciskas kaula galvas
geometriska centra novietojumu, tangencialo
lenki, lateralo locitavas spraugas platumu un
medialo locTtavas spraugas platumu;

2) novertet iepriekSminto parametru nozimigumu
GLD diagnozes precizésana.

Materials un metodes

P&tijuma izmantoti Tpasniekiem piederosi dazada
vecuma un abu dzimumu 36 rotveileru skirnes suni
(32 no tiem nebija sasniegusi 1 gada vecumu) un 24
citu skirpu suni (15 no tiem nebija sasniegusi 1 gada
vecumu) ar kltniski izteiktu dazadas pakapes klibumu.
Sunus izmeklgja kltniski un tiem veica gtzu locttavu
rentgenografiju atbilstosi Starptautiskas Kinologijas
federacijas (FCI) prasibam (Brass, Paatsama, 1983).

Pirms rentgenografiskas izmekléSanas dzivniekus
anestezgja, izmantojot i.v. 100 mg ml! ketamina un 5
mg ml'! diazepama kombinaciju (ar aprékinu 1 mluz 10
kg dzivmasas), un tos fiksgja ventrodorsalaja pozicija
ar izstieptam un paraléli novietotam pakalkajam.

Lainoteiktu giizulocTtavurentgenomorfometriskos
parametrus, sakuma tika noteikts ciskas kaula galvas
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geometriskais centrs, ciskas kaula kakla un ciskas
kaula geometriskas viduslinijas, ka ari kermena
garenvirziena ass viduslinija.

P&c tam tika noteikti $adi giizu locitavu parametri:
Norberga lepkis (X)), inklinacijas lepkis (X,),
tangencialais lenkis (X,), ciskas kaula galvas (CKG)
geometriska centra novietojums (X,), lateralais
locitavas spraugas platums (X,), medialais locitavas
spraugas platums (X,) un dzivnieka vecums (X).

Rotveileru un pargjo Skirpu supiem sakuma
parbaudija, vai GLD diagnoze ir atkariga no visu
parametru vert€jumiem (merjumiem).

X, un X,......X, bija parametru mérijumi labajai
un kreisajai giizu locttavai. Ta ka pavisam tika
parbauditi 36 rotveileru Skirnes suni, tad $aja sunu
grupa katrai pazimei bija ne vairak par 72 m&rjjumiem
un rezultata tika sagatavotas 62 mérijumu grupas, jo
atseviSskiem parametriem trika dazu vertibu. Citu
Skirpu supiem katram gizu locitavas parametram
bija ne vairak par 48 mérjjumiem, jo pavisam tika
parbauditi 24 citu Skirpu suni. Ta ka atseviskam
pazimém trika dazu vertibu, tika sagatavotas 46
mérfjumu grupas.

Par rezultativo pazimi Y tika pienemts suna
veselibas statuss, kuram ir tris veértibas: 0 — suns
vesels, 1 — suns vienpusgji slims, 2 — suns abpusgji
slims.

Rentgenomorfometrisko parametru
daudzfaktoru regresijas analizes rezultati

rotveileru Skirnes suniem
Lai veiktu So parbaudi, ir nozZimigi izmantot labas
un kreisas giizu locitavas meérijumu rezultatus.

Par faktoriem tika pienemti: vecums meneSos
(X,), labas puses pazimes (LX,-LX,) un kreisas puses
pazimes (KX —KX).

Katrai pazimei bija ne vairdk par 36 vertibam/
merijumiem rotveileru Skirnes suniem un ne vairak par 24
vertibam/meérijumiem pargjo skirnpu suniem. Rezultativai
pazimei Y tika pienemtas tris vertibas: 0 — suns vesels;
1 — suns vienpusgji slims (suns unilaterali slims); vai 2 —
suns abpusgji slims (suns bilaterali slims).

Tika parbaudits, vai Y ir lineari atkarigs no visam
pazimém. Daudzfaktoru linearas regresijas analizg
tika konstatéts, ka korelacijas koeficients r = 0.7532,
bet determinacijas koeficients R?> = 0.5673.

Determinacijas koeficients liecindja, ka tikai
aptuveni 57% gadijumu no diagnozes var aprakstit
ar noveértéto daudzfaktoru linedro regresiju. Sads
rezultats nav apmierinoss, jo rada, ka eksisté vidgja
lineara daudzfaktoru sakariba, turklat visas pazimes ir
ar atskirigu nozimi (1. tabula).

1. tabula redzams, ka tangenciala lenka pazime
X, ir biitiska ar 95% varbiitibu, pazimes X, (lateralais
locitavas spraugas platums) un X, (medialais locitavas
spraugas platums) — ar 90% varbiitibu, bet pazime X,
(Norberga lenkis) — tikai ar 80% varbtitibu.

Daudzfaktoru regresijas analize labas un kreisas
giizas locTtavas parametriem paradija, ka starp slimibas
diagnozi un pargjam pazimé€m pastav cieSa lineara
sakariba: r = 0.86 un determinacijas koeficients R?=
0.74 (2. tabula). Iegiitais vienadojums apskata 74% no
visiem mé&rfjumiem. Visbutiskaka pazime ir medialais
locTtavas spraugas platums KX ar varbtibu 95%.

Pazimes tika sakartotas p&c nozimes dilstosa kartiba
un tam tika pieskirti atbilstosi rangi. P&c tam vienadam
pazimém tika aprekinati vid&jie rangi (3. tabula).

Tabula 1 / Table 1

Regresijas analize giiZu locitavu parametriem rotveileru Skirnes suniem
Regression analysis of hip joint parameters in Rottweiler breed dogs

Parametrs / Koeficients / | Standartkliida /| t-statistika /| p vertiba /
Parameter Coefficients | Standard error | t-statistics p value
Brivais loceklis / Intercept 1.0579 0.8595 1.23 0.224
X, Norberga lenkis / X, Norberg angle -0.0089 0.0065 -1.36 0.180
X, inklinacijas lenkis / X, inclination angle 0.0030 0.0038 0.79 0.432
X, tangencialais lenkis / X, tangential angle 0.0067 0.0028 2.36 0.022
X, CKG geometriska centra novietojums / -0.0219 0.0247 -0.89 0.380
X, geometrical centre placement of the CFH
X, lateralais locitavas spraugas platums / -0.0931 0.0517 -1.80 0.077
X, lateral joint gap
X, medialais locitavas spraugas platums / 0.0881 0.0517 1.70 0.094
X, medial joint gap
X, vecums / X age -0.0052 0.0159 -0.33 0.743
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Tabula 2 / Table 2

Regresijas analize labas un kreisas giiZzas locitavai rotveileru Skirnes suniem
Regression analysis of right and left hip joint in Rottweiler breed dogs

Parametrs / Koeficients / | Standartkliida / | t-statistika /| p vertiba/ | Rangs* /
Parameter Coefficient Standard error | t-statistics p value Rank*
Brivais loceklis / -2.6415 5.6780 -0.46 0.648 -
Intercept
X, vecums / -0.0250 0.0433 -0.58 0.572 9
XO age
LX, Norberga lenkis / -0.0153 0.0213 -0.72 0.481 8
LX, Norberg angle
LX, inklinacijas lenkis / -0.0089 0.0172 -0.52 0.612 10
LX inclination angle
LX, tangencialais lenkis / 0.0127 0.0104 1.22 0.240 3
LX, tangential angle
LX, CKG geometriska centra
novietojums / LX, geometrical 0.0053 0.0677 0.08 0.939 13
centre placement of the CFH
LX lateralais locitavas spraugas -0.0868 0.2360 -0.37 0.717 11
platums / LX_ lateral joint gap
LX, medialais locitavas spraugas -0.1217 0.1454 -0.84 0.414 7
platums / LX, medial joint gap
KX, Norberga lenkis / 0.0340 0.0361 0.94 0.359 6
KX, Norberg angle
KX, inklinacijas lenkis / 0.0209 0.0159 1.31 0.206 2
KX, inclination angle
KX, tangencialais lenkis / 0.0085 0.0085 0.99 0.332 5
KX, tangential angle
KX, CKG geometriska centra -0.1556 0.1405 -1.11 0.284 4
novietojums / KX, geometrical
centre placement of the CFH
KX lateralais locitavas spraugas 0.0268 0.1771 0.15 0.881 12
platums / KX, lateral joint gap
KX, medialais locitavas spraugas 0.4367 0.1936 2.26 0.037 1
platums / KX medial joint gap
* — Ranzgjums p&c butiskuma Itmena (p vertiba) / Ranking based on significance (p value)
Tatad Rotveileru $kirnes suniem visbitiskakdas parametriem. Daudzfaktoru linearas regresijas

pazimes GLD diagnostika ir tangencialais lepkis X,
un medialais locitavas spraugas platums X, tam seko
inklinacijas lenkis X, un Norberga lenkis X, un péc tam
— CKG geometriska centra novietojums X, vecums X
un lateralais locitavas spraugas platums X..

Rentgenomorfometrisko parametru
daudzfaktoru regresijas analizes rezultati
citu Skirnu suniem

Analogiski ka rotveileru Skirnes suniem tika
parbaudits, vai pargjo Skirnu sunu veselibas
stavoklis (Y) ir atkarigs no izvéletajiem p&tamajiem
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analize deva $adus rezultatus (Arhipova et al.,
1998; Christensen, 1996): korelacijas koeficients
r = 0.7432, bet determinacijas koeficients
R?=0.5524.

Determinacijas koeficients paradija, ka tikai
aptuveni 55% gadijumu no diagnozes var aprakstit
ar noverteto daudzfaktoru linedro regresiju. Sads
rezultats nav apmierinoss, jo liecina, ka eksiste vidéja
lineara daudzfaktoru sakariba, turklat visam pazimém
ir atSkiriga nozime.

4. tabula redzams, ka Norberga lepka pazime X
ir butiska ar 99% varbutibu, bet pargjam pazimém
biitiskuma [imenis ir zems (p vertiba>0.05).
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rotveileru Skirnes suniem GLD diagnostika
Ranking of x-ray morphometrical parameters according to

Tabula 3 / Table 3

Rentgenomorfometrisko parametru ranzéjums péc faktoru biitiskuma

factor significance in Rottweiler breed dogs in hip dysplasia diagnostics

X, medial joint gap

Parametrs / Vidgjais rangs /
Parameter Average rank

X, vecums / 4.5

X, age

X, Norberga lenkis / 35

X, Norberg angle

X, inklinacijas lenkis / 3

X, inclination angle

X, tangencialais lenkis / 2

X, tangential angle

X, CKG geometriska centra novietojums / 4.25

X, geometrical centre placement of the CFH

X, lateralais locitavas spraugas platums / 5.75

X, lateral joint gap

X, medialais locitavas spraugas platums / 2

Tabula 4 / Table 4
Regresijas analize giiZas locitavu parametriem citu §kirnu suniem
Regression analysis of hip joint parameters in other breed dogs
Standart-
Parametrs / Koeficients / | kluda/ | t-statistika/ | p vertiba/| Rangs*/
Parameter Coefficient | Standard | t-statistics | p value Rank*
error
Brivais loceklis / Intercept 5.1783 1.4359 3.61 0.001 -
X, vecums / X age -0.0030 0.0091 -0.28 0.784 6
X, Norberga lenkis / X, Norberg -0.0470 0.0095 -4.99 1.35E-05 1
angle
X, inklinacijas lenkis / X, inclination 0.0015 0.0062 0.24 0.809 7
angle
X, tangencialais lenkis / -0.0030 0.0044 -0.70 0.485 3
X, tangential angle
X, CKG geometriska centra 0.0359 0.0307 1.17 0.249 2
novietojums / X, geometrical centre
placement of the CFH
X lateralais locitavas spraugas -0.0420 0.0885 -0.47 0.638 5
platums / X, lateral joint gap
X, medialais locitavas spraugas -0.0380 0.0696 -0.54 0.592 4
platums / X medial joint gap

* — Ranzgjums péc biitiskuma limena (p vertiba) / Ranking based on significance (p value)

Labas un kreisas giizu locitavas parametru koeficients R*?=0.77. Tas nozimé, ka starp slimibas

daudzfaktoru

regresijas
korelacijas koeficients r = 0.87 un determinacijas

analize radija, ka
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diagnozi un pargjam pazimém pastav ciesa lineara
sakariba. Ieglitais vienadojums apskata 77% no
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Tabula 5 / Table 5

Regresijas analize kreisas un labas giiZzas locitavai citu Skirnpu supiem
Regression analysis of right and left hip joint in other breed dogs

Standart-
Parametrs / Koeficients / kltda / t-statistika / | p veértiba/ | Rangs* /
Parameter Coefficient Standard t-statistics p value Rank*
error
Brivais loceklis / Intercept 13.161 5.9516 2.21 0.058 -
X, vecums / X age 0.0117 0.0305 0.38 0.711 9
LX, Norberga lenkis / -0.072 0.0456 -1.57 0.155 1
LX, Norberg angle
LX, inklinacijas lenkis / -0.025 0.0256 -0.98 0.354 5
LX, inclination angle
LX, tangencialais lenkis / 0.0101 0.0255 0.40 0.701 8
LX, tangential angle
LX, CKG geometriska centra 0.2398 0.1921 1.25 0.247 3
novietojums / LX, geometrical
centre placement of the CFH
LX lateralais locitavas spraugas -0.672 0.4405 -1.53 0.165 2
platums / LX_ lateral joint gap
LX, medialais locitavas spraugas 0.1665 0.2180 0.76 0.467 7
platums / LX medial joint gap
KX Norberga lenkis / -0.044 0.0369 -1.19 0.266 4
KX Norberg angle
KX, inklinacijas lepkis / 0.023 0.0292 0.79 0.454 6
KX, inclination angle
KX, tangencialais lenkis / 0.0035 0.0113 0.31 0.763 10
KX, tangential angle
KX, CKG geometriska centra -0.022 0.1071 -0.20 0.842 12
novietojums / KX, geometrical
centre placement of the CFH
KX, lateralais locitavas spraugas -0.012 0.3312 -0.03 0.972 13
platums / KX, lateral joint gap
KX, medialais locitavas spraugas -0.124 0.4818 -0.26 0.804 11
platums / KX medial joint gap
* — Ranzgjums péc biitiskuma Itmena (p vertibas) / Ranking based on significance (p value)

visiem mérijumiem, pie tam visbiitiskaka pazime bija Diskusija

labas gtizas locitavas Norberga lenkis LX, ar p = 75% Savstarpgji  salidzinot mérjjumu  vértibas

(5. tabula). rotveileru un pargjo Skirnu suniem, pazimju
Lai aprékinatu vidéjo rangu vienadam pazimém, prioritatés noveérojamas atSkiribas. Rotveileru

tas tika sakartotas péc nozimes dilstosa seciba un
tam tika pieskirti atbilstosi rangi (6. tabula). Tatad
Sai sunu grupai visbitiskakas pazimes ir Norberga
lenkis X, un tangencialais lenkis X,. Mazak
nozimigaki parametri ir CKG geometriska centra
novietojums X, un lateralais locitavas spraugas
platums X..
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Skirnes suniem péc veiktas linearas regresijas
analizes datiem biutiska pazime ir tangenciala lenka
lielums X,, tam seko medialas locitavas spraugas
platums (X,) un Norberga lepka (X)) lielums.
Pargjo Skirnu supiem bitiska pazime ir Norberga
lenka lielums (X)), tam seko inklinacijas lenka
lielums (X,), ciskas kaula galvas geometriska centra
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Tabula 6 / Table 6

Rentgenomorfometrisko parametru ranzéjums péc faktoru biitiskuma
citu Skirnu sunpiem GLD diagnostika
Ranking of x-ray morphometrical parameters according to factor significance in
other breed dogs in hip dysplasia diagnostics

Parametrs / Vidgjais rangs /
Parameter Average rank

Brivais loceklis / Intercept -

X, vecums / X age 4.5

X, Norberga lenkis / X, Norberg angle 1.25

X, inklinacijas lenkis / X, inclination angle 2.75

X, tangencialais lenkis / X, tangential angle 4.5

X, CKG geometriska centra novietojums / 3.75

X, geometrical centre placement of the CFH

X, lateralais locitavas spraugas platums / 3.75

X, lateral joint gap

X, medialais locitavas spraugas platums / 4.5

X, medial joint gap

novietojums (X,) un lateralais locitavas spraugas
platums (X,).

Lai gan péc FCI 1983. gada pienemtajiem
kriterijiem Norberga lenka lielums ir viens no
universalakajiem morfometriskajiem parametriem
GLDdiagnostika (Morgan, Stephens, 1988; Banfield,
Bartels1996; Slatter, 1985; Whittick, 1974; Cook
et al, 1996), misu pétjjumos konstatéts, ka
butiskaka pazime rotveileru S$kirnes suniem ir
tangenciala lenka lielums, kas norada uz GLD.
Izmantojot V. Mitina izveidoto skiagrammu,
Plahotins u.c. (Ilmaxotun u np., 1990) norada, ka
normativiem atbilsto$s ir negativs tangencialais
lenkis, bet patologiju gadijumos tangencialais lenkis
ir pozitivs (lenku lielumi nav noraditi). P&c linearas
regresijas analizes veikSanas var apgalvot, ka Sim
mérfjumam ir nozime GLD diagnostika, bet ta nav
pietiekami informativa, lai to varétu izmantot ka
vienigo pazimi slimibas diagnostika. Tangencialais
lenkis ka morfometriskais mérijums jeb pazime
izmantojams tikai kopa ar citam pazimém diagnozes
apstiprinasanai.

Secinajumi

1. Izmeklgtajiem rotveileru Skirnes suniem 86%
gadijumu un citu Skirpu sugiem 62% gadijumu
dzivnieki nebija sasniegusi viena gada vecumu.

2. Rotveileru skirnes suniem butiskakais
morfometriskais mérijums, kas norada uz GLD,
bija tangenciala lenka liclums, lai gan saskana
ar FCI apstiprinatajam prasibam ka galvenais

LLU Raksti 18 (313), 2007; 70-76

morfometriskais raditdjs GLD diagnostika tiek
izmantots Norberga lenka lielums.

3. Citu skirpu suniem apstiprinajas, ka butiskakais
morfometriskais mérjjums GLD diagnostika ir
Norberga lenka lielums.

4. Inklinacijas lenka, lateralas un medialas gizu
locttavas spraugas platuma raditdjiem nebija
izteiktas GLD diagnostiskas vertibas, bet tie
var noradit uz turpmakam izmainam gazu
locTtavas.
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Salda kirsa (Prunus avium L.) koksnes anatomisko un
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Studies of the Anatomical and Physico-Mechanical Properties of
Wild Cherry (Prunus avium L.) Wood
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Abstract: Owing to the growing demand for wild cherry wood in the world market and in Latvia, wild cherry
tree cultivation for harvesting has been initiated in Latvia, and studies of its anatomical and physico-mechanical
properties are under way. Sample trees (age 43 years, height 19.7 m) from “Jaunlutrini”, Saldus region, were
used for the experiments. The studies were carried out at four stem heights (butt-end R, %, 2, and %). Annual
ring width and vessel cross-sectional area were measured by a MTKF-1 microscope in reflected light. Density
(p), swelling (K ), shrinkage (KB), and shear strength (t) were determined. Several parameters in the stem
peripheral and central parts (p12— 664 + 5 kg m*, K_—0.39 + 0.01 %/%, K- 0.34 £ 0.01 %/%, T, —42.1 +
0.4 MPa,and W — 107 + 0.5 %) were obtained. The findings suggest that the wood of wild cherry grown in
Latvia could be competitive in the world timber market.

Key words: wild cherry, anatomy, physico-mechanical properties, shear stress.

levads

Saldais kirsis (Prunus avium L.) ir viens no
dekorativakiem lapu kokiem. Laika no 1970. lidz
1996. gadam saldais kirsis publikacijas pieminéts
777 reizes, kas liecina par paaugstinatu interesi par
$o koku sugu.

Salda kirSa koksnei ir spilgti sarkana vai
sarkanbrina krasa un smalka, taisna Skiedra [1].
Mezaudz8s salda kirSa koka augstums atkariba
no augsnes auglibas svarstas robezas no 15-20
m Iidz 30-35 m, bet stumbra caurmérs — no 40
Iidz 70 (80) cm. Stumbri ir slaidi ar labi veidotu
vainagu. Lidz 40 gadu vecumam saldais kirsis
aug loti strauji, bet, sasniedzot 50-60 gadu
vecumu, ta ikgad@jais picaugums samazinas,
tapec maksimalais cirSanas vecums neparsniedz
60—80 gadus [2].

Salda kirSa koksni izmanto méebelu razosana,
gridu segumiem, jahtu iek$&jai apdarei, autobive,
buvnieciba, ka ar1 kokgrebsanas darbos. Koksne ir
viegli apstradajama, labi pul&jama, to var beic€t un
lakot — ta ir ka radita mébelripniecibai. Vacija salda
kirSa koksne ir dargaka par ozolu, osi un sarkankoku,
vidgja cena — no 200-600 Iidz 1200-3500 eiro par
kubikmetru [2, 3].

Latvija salda kirSa audzeSana aizsakusies ap
13. gs. Sakuma kristieSu miuki, bet vélak arT vacu
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muizkungi to ievedusi ka auglu koku no Vacijas.
Pakapeniski saldais kirsis atsevisku taksonu un
nelielu audzu veida izplatijies Dobeles, Kuldigas,
Talsu, Liepajas, Saldus, Ventspils, Tukuma, Rigas,
Ceésu, Madonas u.c. rajonos. Veicot mezaudzu
inventarizaciju, atrasti vairak neka 100 gadu
veci un izcili salda kirSa taksoni, kuriem stumbra
apkartmers sasniedz 120 cm un vairak, bet augstums
— gandriz 20 m. Latvija veikta salizturigu un razigu
salda kirSa Skirnpu selekciongsana: iegiitas vairakas
izcilas un augstrazigas Skirnes, kas piemeérotas
audz€Sanai ar1 Latvijas ziemelu rajonos, bet
auglkopju galvenais uzdevums ir nelielu un mazu
kocinu izveidoSana. Lai noskaidrotu salda kirsa
mezaudzeSanas perspektivas, 1995. gada Phare
projekta ,, Tehniska palidziba Latvijas privatajai
mezsaimniecibai” ietvaros tika ierikotas pirmas
salda kirsa plantacijas Liepajas, Kuldigas, Dobeles,
Madonas, Ogres un Gulbenes rajona apméram 20
ha kopplatiba [2].

Nemot véra iepriekSminéto, paredzams, ka salda
kirsa koksne wvar klut pieprasita mébelriipnieciba,
tadel notiek p&tijumi, lai noskaidrotu Latvija augosas
salda kirSa koksnes gan fizikali-mehaniskas Tpasibas,
gan arl anatomisko uzbivi. Tas lautu prognozét
Latvija izaudz&tas salda kirSa koksnes konkur&tsp&ju
pasaules kokmaterialu tirgi.
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Materiali un metodes

P&tfjuma izmantota 43 gadu veca salda kirSa koksne
no Saldus rajona Jaunlutrinu pagasta. Salda kirSa
augstums— 19.7 m, caurmérs kriiSu augstuma—27.5cm,
tatad to var izmantot ka zagbalki. Paraugi visiem
petijumiem nemti no Cetriem stumbra augstumiem
(resgalis, %4, %2 un % no stumbra augstuma) atseviski
no stumbra centralas dalas un argjas dalas. Sakara ar
to, ka salda kirSa koksne tiek pieskaitita pie aplievas
sugam, turpmak tekstd, lai nerastos parpratumi,
piclietota $ada terminologija: stumbra centrala dala
(kodola vieta) un argja dala (aplievas vieta).

Anatomisko parametru pétijumi veikti Cetriem
paraugiem no Cetriem koka augstumiem ar atstarotas
gaismas mikroskopu MTKF-1 un firmas JVC
krasu video kameru TK-C721EG ar IMAGE-PRO
EXPRESS attela analizes programmu. Trauku
Skérsgriezuma laukumi mériti stumbra argjas dalas
argéjas piecas gadskartds un centralaja dala no
sestas lidz desmitajai gadskartai, skaitot no serdes.
Fizikali-mehaniskas 1pasibas pétitas saskana ar DIN
standartiem. Blivums noteikts péc DIN 52 182 [4].
Briesana un rukums noteikti 70 paraugiem p&c DIN
52 184 [5].

BrieSanas (K ) koeficienti (radialaja - R,
tangencialaja — T virziena un tilpuma — V) aprékinati
attiecigi pec formulas:

K — amax

o

% /%,
pies
kur o —uzbrieSana, %;
W — koksnes Skiedru piesatinajuma mitrums, %.
Rukuma (KB) koeficienti (radialaja — R,
tangencialaja — T virziena un tilpuma — V) aprékinati
attiecigi pec formulas:

K, By
pies
kur B~ —rukums, %;

Wi ™ koksnes skiedru piesatinajuma mitrums, %.

Salda kirSa koksnes Skiedru piesatinajuma
mitrums pienemts 30%. Robezstipriba cirpé noteikta
58 paraugiem p&c I'OCT 16 483.13-72 [6]:

Pl\'l'l‘
T,=—,MPa,
2ab

kur 1 — robezstiptiba cirpg, (MPa);
P .. — maksimala sagraujosa slodze, N;

a,b — Sk@rsgriezuma izmeri (a — platums,
b — biezums), mm.

Udens uzsiicamiba noteikta 35 paraugiem
atbilstosi pec TOCT 16483.20 — 72 [7]. Datu apstrade
veikta pie ticamibas Itmena 95%.

Rezultati un diskusija

Apkopojot eksperimentalos datus, iegiits vid€jais
gadskartu platums dazados stumbra augstumos: %
stumbra augstuma tas ir vislielakais, virziena uz galotni
samazinas, bet % stumbra augstuma tas ir par ~35%
mazaks neka % stumbra augstuma (skat. 1. att.).

Salda kirsa koksnes trauku Sk&rsgriezumu
raksturlielumi paraditi 2. attéla. Likne a un C attélo
velinas koksnes, bet b un d — agrinas koksnes trauku
vidgjo Skérsgriezuma laukumu izmainas pa pétitajiem
stumbra augstumiem. Centralas dalas vélinas koksnes
vidgjie trauku Skérsgriezuma laukumi ir mazaki par
agrinas koksnes vidgjiem trauku Sk&rsgriezumu
laukumiem. Stumbra argjas dalas vidgjie trauku
Skérsgriezumu laukumi gan vé€linai, gan agrinai
koksnei ir lielaki neka stumbra centralaja dala.
Tapat ka gadskartu platumiem, arT vidgjiem trauku
Skersgriezuma laukumiem péc 4 stumbra augstuma
virziena uz galotni vérojama tendence samazinaties.

Salda kirsa koksnes dazi fizikalie raksturlielumi
paraditi 1. tabula. Redzams, ka stumbra centralas
dalas blivums, salidzinot ar ar&jo dalu, ir par 4.3%
mazaks. Lielakas koksnes linearas izmainas, mainoties
koksnes mitrumam, ko raksturo brieSanas (K ) un
ruksSanas (Kﬁ) koeficienti, ir vérojamas salda kirSa
koksnes malgja dala. Tas attiecas ka uz izmainam

3.
3.4 il

Gadskartu platums, mm
Annual ring width, mm

R Va

Y Y

Stumbra dala / Part of stem

1. att. Salda kirSa koksnes vid&jais gadskartu platums dazados stumbra augstumos.
Fig. 1. Average annual ring width of the wild cherry wood at different stem height.
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3.5

n
N oW

1,5: %

14 /"\*\‘

Cross-section; 10° mkm?
o mao

Skérsgriezums; 10° mkm?

o
(=T |

R 1/4 12 3/4

Stumbra dala; Part of stem

2. att. Salda kirSa koksnes vidgjie trauku skersgriezumu laukumi dazadas stumbra dalas:
a — stumbra argjas dalas velina koksne; b — stumbra argjas dalas agrina koksne;
¢ — stumbra centralas dalas vélina koksne; d — stumbra centralas dalas agrina koksne.
Fig. 2. Average cross-sectional areas of wild cherry wood vessels at different stem height:
a — late wood of the outer part; b — early wood of the outer part;
¢ — late wood of the central part; d — early wood of the central part.

1. tabula / Table 1
Salda kirSa koksnes fizikalie raksturlielumi
Physical characteristics of wild cherry wood

Raditajs / Property Argja dala / Centrala dala /
Sapwood Heartwood
Blivums / Density, p, kg m? 646 619
Blivums / Density, p , kg m” 668 660
Udens uzsticamiba / Water absorption, Wmax % 101 110
Rukums / Shrinkage, T 11.3/0.38 10.1/0.34
%o/ KB R 5.5/0.18 48/0.16
\Y 15.9/0.53 14.2/0.47
Briesana / Swelling, T 12.8/0.43 11.2/0.37
Yo/ Ka R 5.6/0.19 5.1/0.17
\Y% 18.7/0.62 16.6/0.55

Apzim&jumi / Notations: R — radiali / radially, T — tangenciali / tangentially, V — tilpums / volume, K, - rukuma

koeficients / shrinkage coefficient, Ko — briesanas koeficients / swelling coefficient

Salda kirS§a koksnes blivums dazadas valstis

Wild cherry wood density values in different countries

2. tabula / Table 2

Latvija / Latvia Armenija / ASV/ Vacija/
Raditajs / Armenia USA Germany
Property argjadala/ | centrala dala/ 8] 9] [10]
sapwood heartwood
Blivums / Density,
p, kg m? 646 619 562 470 570
Blivums / Density,
p,, kgm? 668 660 594 500 602
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3. tabula / Table 3

Salda kirSa koksnes robeZstipriba cirpe
Shearing strength of wild cherry wood

Cirpe / Shearing strength, t,, MPa
Stuml?ra augstumi / radialais virziens / tangencialais virziens /
Height of stem radial direction tangential direction
centrala dala / malgja dala/ | centrala dala/ malgja dala /
heartwood sapwood heartwood sapwood
R 43.8 44.8 45.6 47.9
Ya 38.8 37.9 43.7 442
Y 39.2 41.2 41.8 37.2
Ya - 39.6 - 44.6
Vidgjais / Average 40.6+1.2 40.9+0.6 43.7+1.3 43.5+0.6
radialaja virziena, ta ari tangencialaja virziena. Udens Literatiira
uzslicamiba stumbra centralaja dala ir par 9 % lielaka 1. Daugaviete, M., Krimina, M., Dolacis, J.,
neka argja dala. Hrols, J., Bérzipa, A. (2002) Saldais Kkirsis
2. tabula apkopoti literatiira sniegtie dati par (Cerasus avium (L.) Moench syn. Prunus
citur pasaulé augosa salda kirsa koksnes blivumiem. avium L.) koksnes raZoSanai: pétijumi par kirSa
Redzams, ka Latvija augosa salda kirSa koksne izplatibu, reproduktivo materialu, ta agrino
ir salidzino$i blivaka, kas palielina §Is koksnes augSanu izmégindjumu stadijumos un dazi
konkurétspgju pasaules tirgi. fizikali mehaniskie raksturlielumi. Mezzinatne,
Attieciba uz mehaniskajam 1Ipasibam, veikti Nr. 12(45), 60-86 Ipp.
petijumi par salda kirSa koksnes robeZstipribu 2. Dolacis, J., Daugaviete, M., Hrols., J. (2003)
cirpé (skat. 3. tabulu). Robezstipriba cirpé radialaja Some physical and mechanical properties of
virziena Y stumbra augstuma ir viszemaka. Tas wild Cherry (Prunus avium L) wood growing
korelg ar pétijumiem par koksnes anatomiju, kur tiesi in Latvia. Forest and Wood Technology, No. 53,
Y4 stumbra agstuma gadskartu platumi ir vislielakie. Ann. Warsaw Agricult. Univ., SGGW, pp. 54-60.
Tangencialaja virziena verojama cita tendence: 3. Klovane, I. (2003) Saldo kir§u mezi: vizija vai
robezstipriba cirpg gan centralaja, gan argja dala no realitate? Praktiskais latvietis, Lauku Avize,
resgala 11dz /2 no stumbra augstuma samazinas, bet ¥4 9-12. okt., 8-9 Ipp.
stumbra augstuma ta atkal palielinas. 4. DIN 52 182. Priifung von Holz. Bestimmung der
Rohdichte.
Secinajumi 5. DIN 52 184. Priifung von Holz. Bestimmung der
1. Parbaudita salda kirSa paraugkoka koksnes Quellung und Schwindung.
vidgjais gadskartu platums vislielakais ir %4 6. TOCT 16 483.13-72. Jlpesecuna. Memoo
stumbra augstuma (3.6 mm), bet talak galotnes onpedenenusi  npedena  NPOYHOCMU — NPU
virziena tas samazinas. nepepesanui NONepéx 60JLOKOMH.
2. Vidgie trauku Skersgriezumu laukumi péc 4 7. T'OCT 16483.20-72.  Jpesecuna. Memoo
stumbra augstuma virziena uz galotni samazinas onpeoenerusi 6000N02N0U eHUSL.
gan VElinaja, gan agrinaja koksné ka stumbra 8. Tabnuywr cmandapmmuvix cnpagounvix OaHHbIX.
argja, ta arT centralaja dala. (1986) peBecuna. Ilokazaremu  ¢uzmko-
3. Fizikalie raditaji — blivums, briesana un rukums MEXaHUUYECKUX  CBOMCTB  MajbIX  YHUCTBIX
— vislielakie ir stumbra argja dala. obopazmoB. I'CCCII 69-84. M., Toccrannmapr,
4. Vidgja robezstipriba cirp€ radiali Skiedram ir par 29 c.
~7% mazaka neka tangenciali Skiedram. Vid&ja 9. Wood Handbook. (1999) Wood as an Engineering
robezstipriba cirpé centralaja un argja dala Material. Forest Products Laboratory. Gen. Tech.
radiali skiedram praktiski ir vienada. Tas pats Rep. FPL-GTR-113. Madison, U.S. Department
attiecas arT uz robezstipribu cirpé tangencialaja of Agriculture, Forest Service, 463 pp.
virziena, kas liecina par praktiski vienadam 10. Lohmann, U., Annie, T., Ermschel, D. (1986)

mehaniskajam 1pasibam salda kirSa koksnes
centralaja un argja dala.
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Holz Handbuch. 3, vollig iiberarbeitete Aufgabe.
Rosenheim, DRW—Verlag, 320 S.
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