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Abstract. The influence of premedication (atropine sulphate together with acepromazine maleate), followed by
general anaesthesia (ketamine hydrochloride together with diazepam), on the dynamics (s) of QT interval in 34
German Shepherd and 32 Cocker Spaniel dogs was investigated using electrocardiographical lead II. Premedi-
cation drugs atropine sulphate and acepromazine maleate led to significant increase in ECG QT interval in dogs;
the degree of increase was practically the same for both Cocker Spaniels and German Shepherds. The total
effect of general anaesthetics (narcosis drugs) ketamine hydrochloride and diazepam administered after pre-
medication was manifested in a significant decrease of QT interval in dogs. Cocker Spaniels and German
Shepherds are characterized by a dramatic and significant decrease of QT interval one minute after administra-
tion of narcosis drugs. In Cocker Spaniels the decrease of QT interval due to the total effect of ketamine
hydrochloride and diazepam continued up to the 30th minute of anaesthesia. Dynamics of QT interval in dogs
due to the total effect of such anaesthetics as ketamine hydrochloride and diazepam at definite time points of
anaesthesia is greatly dependant on the breed of the animal, but not on the gender. The dependence of changes
in QT interval on animal breed should be taken into consideration in practical veterinary medicine when working

with breed animals.
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Ievads

Elektrokardiogrammas (EKG) QT intervals rada laiku
viena sirds cikla perioda, kas ir nepieciesams, lai sirds
kambaros vargtu notikt depolarizacijas un repola-
rizacijas procesi. QT intervals atspogulo kopgjo
kambaru sistoles ilgumu. Tas laika notiek kambaru
miokarda uzbudinajums, sakot ar ta pirmajam izpaus-
mém kambaru starpsiena un papillarajos muskulos Iidz
uzbudinajuma izgaiSanai kambaru miokarda (Tilley et
al., 1990; Tilley, 1992; Garson, 1993; Antzelevitch etal.,
1998; IlIBapm u mp., 2001; Campbell, Atwell, 2002;
Maptun, Kopkopan, 2004; Kalvelis, 2005).

Cilvekiem ir noskaidrots, ka QT intervala paga-
rinasanos var ietekmét dazadas anestétiskas vielas, ko
izmanto kirurgisku operaciju veik$anai, ka arf daudzi
citi eksogénie un endogénie faktori (Booker et al., 2003;
Cucchiaro, Rhodes, 2003; Testai et al., 2004; Sala et al.,
2005). Kas attiecas uz suniem, tad premedikacijas
modeli (atropina sulfats kombinacija ar acepromazina
maleatu) un anestezijas modeli (ketamina hidrohlorids
kombinacija ar diazepamu) $ada veida p&tjjumu datus
mums literattira nav izdevies atrast.

Sidarba galvenie uzdevumi bija:

1) izpetit QT intervala dinamiku supiem preme-
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dikacijas un vispargjas anestézijas laika EKG II stan-
dartnovadijuma saistiba ar dzivnieka Skirni un dzi-
mumu;

2) izpetit QT intervala izmainu likumsakaribas
suniem premedikacijas Iidzeklu atropina sulfata un
acepromazina maleata ietekmg, ka arT narkozes Iidzekla
ketamina hidrohlorida — kombinacija ar diazepamu —
ietekm@.

Materials un metodes

Pétfjumiem izmantoti 34 vacu aitusunu un 32
kokerspanielu skirnes dzivnieki. QT intervala dinamika
dzivniekiem izejas stavoklt, premedikacijas posma un
vispargjas anestézijas laika tika registréta elektro-
kardiografiski vienlaicigi ar sirdsdarbibas frekvenci un
pargjiem sirds biopotencialiem. EKG atsevisko zobu un
intervalu shéma II EKG standartnovadijuma atspo-
gulota 1. attela (Tilley et al.,1990; Tilley, 1992; Garson,
1993; Antzelevitch et al., 1998; IlIBapm u mp., 2001;
Maptus, Kopkopan, 2004; Kalvelis, 2005; u.c.).

Izmantojam Vacija razotu ,,SCHILLER” firmas
elektrokardiografu AT-1, kas lauj stradat ar 10
elektrokardiografijas novadijumiem vienlaicigi (elektro-
kardiogrammu registracijas atrums bija 50 mm s™).
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1. att. EKG II standartnovadijuma sh&ma suniem.
Fig. 1. The scheme of ECG II standard lead in dogs.

Elektrokardiografijas laika izmeklI&jamie dzivnieki atradas
labaja lateralaja gula — priekskajas novietotas paraléli
viena otrai un perpendikulari kermena gareniskajai asij,
ka to esam aprakstijusi savos ieprieks¢jos darbos
(Avdosko, Birgele, 2003a,b, 2004; Avdosko, 2003; u.c.)
un ka to iesaka ar citi autori (Hill, 1968; Detweiler et al.,
1970; Edwards, 1987; Rezakhani, 1990; Madron, 1991;
Tilley, 1992; Bernal et al., 1995). Elektrokardiografijas
dati tika gan registréti, gan vienlaicigi ar specialas
mérjjumu programmas palidzibu datora apstradati.
Automatiski tika registréts QT intervals, atsevisko EKG
parametru ilgums sekund@s (s) un to amplitiida
milivoltos (mV).

Dzivnieku premedikacijai izmantojam 0.054 %
atropina sulfata skidumu (0.02 mg kg') kombinacija ar
1% acepromazina maleata $kidumu (0.06 mg kg!), ko
ievadijam intramuskulari. Elektrokardiogrammas
pieraksts premedikacijas laika tika veikts 10 miniites
péc intramuskularas injekcijas.

Vispargjai anestézijai (narkozei) lietojam pasreiz
veterinarmedicina plasi izmantoto 5% ketamina
hidrohlorida $kidumu (6 mg kg ') kombinacija ar 0.5%
diazepama skidumu (0.6 mg kg'). Narkozes lidzeklus
suniem ievadijam pleca zemadas véna (v. cephalica).
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EKG QT intervala dinamiku noteicam 1 mintti p&c
intravenozas injekcijas, ka art péc 15, 30, 45 un 60
minttem.

P&tljuma izmantotie suni ieprieks tika kltniski
izmekl@ti, tiem izdarija sirds un lielo asinsvadu
rentgenografiju (lateralaja un dorsoventralaja pro-
jekceija), ka art veica asins morfologisko un biokimisko
izmekl&Sanu. Visi petijuma ieklautie dzivnieki bija kimniski
veseli.

EKG datu statistisko apstradi veicam, izmantojot
daudzfaktoru (Saja gadijuma divu “faktoru” — dzivnieku
Skirne un dzimums) dispersijas analizes metodi
(ANOVA), ka arT t-testu savstarpgji atkarigu paraug-
kopu salidzinasanai (Williams, 1996; Arhipova u.c.,
1998; Miller, 2000).

Rezultati

Apskatu saksim ar QT intervala dinamikas analizi
EKG II standartnovadijuma dzivniekiem premedikacijas
un vispargjas anestézijas laika saistiba ar diviem miisu
izpétitajiem “faktoriem” — sunu skirni un dzimumu.

Pirmaja tabula atspoguloti EKG QT intervala raditaji
vacu aitusunu un kokerspanielu skirnes dzivniekiem
pirms un p&c premedikacijas un anestezgjoso lidzeklu
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1. tabula/ Table 1

QT intervala izmainu rakstura salidzinajums (s) EKG II standartnovadijuma vacu aitusunu un
kokerspanielu Skirnes dzivniekiem premedikacija un visparéjas anestezijas laika
Comparison of changes in ECG II standard lead QT interval characteristics (s) between German Shepherd
and Cocker Spaniel dogs during premedication and general anaesthesia

QT intervala
vidgjas vertibas + standartkluda /
Tzmeklgjuma laiks / __QT interval, mean + MSE_ Fisera P-vérfiba /
Time of observation vacu aitusunu kokerspanielu ;tat1st1ka / P-value
Skirnei / Skirnei / Fisher’s test

in German in Cocker Spaniels

Shepherds
Izejas stavoklis / Initial state 0.209 + 0.0037 0.209 + 0.0055 0.030 0.8630
10 min. p&c premedikacijas / 0.215 + 0.0040 0.219 + 0.0061 0.385 0.5376
after premedication
1 min. péc anestézijas / 0.202 + 0.0038 0.206 + 0.0057 0.186 0.6680
after anaesthesia
15 min. p&c anestézijas / 0.205 + 0.0044 0.196 + 0.0058 6.971 0.0108*
after anaesthesia
30 min. p&c anestézijas / 0.203 £ 0.0036 0.189 £ 0.0057 12.593 0.0008*
after anaesthesia
45 min. p&c anestézijas / 0.198 £ 0.0038 0.195 +0.0054 1.005 0.3206
after anaesthesia
60 min. p&c anestézijas / 0.199 £ 0.0046 0.197 £ 0.0062 0.176 0.6769
after anaesthesia

Premedikacija: 0.054% atropina sulfata skidums (0.02 mg kg™') kombinacija ar 1% acepromazina maleata Skidumu (0.06
mg kg), injicgjot intramuskulari / Premedication: 0.054% atropine sulphate solution (0.02 mg kg™) in combination with
a 1% acepromazine maleate solution (0.06 mg kg™) injected intramuscularly

Visparéja anestézija: 5% ketamina hidrohlorids (6 mg kg') kombinacija ar 0.5% diazepama $kidumu (0.6 mg kg™),
injicgjot intravenozi/ General anaesthesia: 5% ketamine hydrochloride (6 mg kg') in combination with a 0.5% diazepam

solution (0.6 mg kg™') injected intravenously

* — atskirtba QT intervalu izmaina starp vacu aitusunu un kokerspanielu skirnes dzivniekiem ir statistiski ticama / the
differences in QT interval changes between German Shepherd and Cocker Spaniel dogs are statistically significant

ievadisanas. Izradas, ka QT intervalu garums II
standartnovadijuma pirms premedikacijas Iidzeklu
atropina sulfata un acepromazina maleata ievadiSanas
— tatad dzivniekiem izejas stavokli — vacu aitusuniem
un kokerspanieliem neatskiras. Ar1 EKG QT intervalu
izmainu raksturs péc premedikacijas Iidzeklu ievadi-
Sanas abu skirnu dzivniekiem ir lidzigs — premedikacijas
lidzekli atropina sulfats kopa ar acepromazina maleatu
izraisa QT intervala pagarinasanos, bet anestézijas
lidzekli — lielaku vai mazaku ta saisinasanas tendenci.
Statistiski ticamas atskiribas starp abam sunu Skirném
noveroja 15. un 30. minGté p&c anesttzijas lidzeklu
ievadiSanas (P attiecigi — 0.0108 un 0.0008), kad QT
intervala garums vacu aitusuniem bija bitiski lielaks
neka kokerspanieliem (skat. 1. tabulu).

Detalizétas EKG QT intervala izmainas abu Skirnpu
suniem premedikacijas un vispargjas anestczijas laika,
un So datu statistiska ticamiba atspogulota 2. tabula.

Redzams, ka 10 min. p&c premedikacijas lidzeklu
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ievadiSanas QT intervals pagarinas no 0.209+0.0037 s
11dz 0.215+0.0040 s vacu aitusuniem un no 0.209+0.0055 s
11dz 0.219+0.0061 s kokerspanieliem (P attiecigi —0.0443
un 0.0500).

Ievadot anestezijas lidzeklus, jau pirmaja mintite QT
intervals abu skirnu dzivniekiem krasi saisinajas, bet,
sakot ar 15. mintti, QT intervala dinamika noveroja
zinamas atskiribas: kokerspanieliem, ievadot ketamina
hidrohloridu kombinacija ar diazepamu, QT intervals
turpinaja saisinaties vel I1dz 30. minitei, kad tas vidgji
sasniedza 0.189+0.0057 s, bet vacu aitusupiem QT
intervala garumam taja pasa laika bija tendence palieli-
naties — 30. minGte tas sasniedza attiecigi 0.203+0.0036 s
(skat. 2. tabulu). QT intervala raditaji abu skirnu dziv-
niekiem izlidzinajas 45. mintite pec anestezijas lidzeklu
ievadiSanas, tomér Saja laika perioda QT intervala
garums Vel atSkiras no izejas stavoklt konstatéta gan
vacu aitusuniem (P=0.0025), gan kokerspanieliem
(P=0.039).
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2. tabula/ Table 2

EKG Il standartnovadijuma QT intervala (s) dinamika vacu aitusunu un
kokerspanielu Skirnes dzivniekiem premedikacijas un visparéjas anestézijas laika
Changes in ECG II standard lead QT interval (s) dynamics in German Shepherd
and Cocker Spaniel dogs during premedication and general anaesthesia

Vacu aitusunu Skirne / Kokerspanielu sunu skirne /
Izmeklgjuma laiks / German Shepherds Cocker Spaniels
Time of observation vidgja t- vidgja t-
vertiba + statis- | P-vértiba/ vertiba + statis- P-vértiba/
standartk]ada/ | tika/ | P-value | standartk]ada/ | tika/ P-value
MSE t-test MSE t-test
[zejas stavoklis / 0.209 + 0.0037 0.209 + 0.0055
Initial state
10 min. péc 0.215+0.0040 | 2.106 | 0.0443* | 0.219+0.0061 | 2.137 0.0500*
premedikacijas / after
remedication

1 min. péc anestézijas / 0.202+0.0038 | 2.018 0.0533 | 0.206 +£0.0057 | 0.379 0.7101
after anaesthesia
15 min. péc anestézijas/ | 0.205+0.0044 | 0.800 0.4310 | 0.196+0,0058 | 1.578 0.1386
after anaesthesia
30 min. péc anestézijas/ | 0.203 +0.0036 | 1.904 0.0690 | 0.189+0.0057 | 2.691 0.0176*
after anaesthesia
45 min. pec anestézijas/ |0.198 £0.0038 | 3.378 | 0.0025* | 0.195+0.0054 | 2.320 0.0359*
after anaesthesia
60 min. péc anestézijas/ | 0.199+0.0046 | 2.934 | 0.0075* | 0.197+0.0062 | 1.857 0.0861
after anaesthesia

Premedikacija: 0.054% atropina sulfata skidums (0.02 mg kg™') kombinacija ar 1% acepromazina maleata skidumu (0.06
mg k™), injicgjot intramuskulari / Premedication: 0.054% atropine sulphate solution (0.02 mg kg™') in combination with a
1% acepromazine maleate solution (0.06 mg kg™) injected intramuscularly

Visparéja anestezija: 5% ketamina hidrohlorids (6 mg kg') kombinacija ar 0.5% diazepama skidumu (0.6 mg kg),
injicgjot intravenozi / General anaesthesia: 5% ketamine hydrochloride (6 mg kg) in combination with a 0.5% diazepam

solution (0.6 mg kg™') injected intravenously

* — statistiska ticamiba, salidzinot ar izejas stavokla QT intervalu (s) (P = 0.05) / the differences compared to initial state

are statistically significant (P = 0.05)

Vizuali kopgja QT intervala dinamika abu Skirpu
dzivniekiem premedikacijas un vispargjas anestezijas
laika labak parskatama 2. attela. Labi redzamas EKG QT
intervala garuma atskiribas, kadas tika registrétas vacu
aitusunu un kokerspanielu Skirnes dzivniekiem 15 un
30 minttes p&c anestézijas lidzeklu ievadiSanas, ka art
QT intervalu garumu izlidzinasanas abu skirgu suniem
vienas stundas laika p&c vispar€jas anestézijas.
Redzams arf, ka stundu péc ketamina hidrohlorida un
diazepama ievadiSanas QT intervala garums vél nebija
atgriezies izejas stavokli.

Tatad kopuma var secinat, ka EKG QT intervala
garuma izmainas suniem vispargjas anestézijas laika
zinama meéra ir saistitas ar ,,faktoru” suna skirne.

Tresa tabula atspogulo petTjumu rezultatus par otra
faktora” — suna dzimuma — saistibu ar QT intervala
dinamiku premedikacijas un vispargjas anesteézijas laika.

Izradas, ka EKG QT intervala garuma izmainas gan
premedikacijas Iidzek]u atropina sulfata un ace-
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promazina maleata, gan visparcjas anestézijas lidzeklu
ketamina hidrohlorida kombinacijas ar diazepamu
ietekmg viriska un sieviska dzimuma suniem ir lidzigas.
Tatad varam secinat, ka QT intervala dinamika suniem
premedikacijas un vispargjas anestézijas laika nav
saistita ar ,,faktoru” dzivnieka dzimums.

Diskusija

P&tfjumi par premedikacijas un vispargjas anestézijas
(narkozes) lidzeklu ietekmi uz dzivnieku atseviskam
organu sisttmam biitiba notiek nepartraukti, jo tiek
atklati arvien jauni anestézija izmantojami farma-
kologiski preparati un paradas jaunas to kombinacijas.

Ka zinams, tradicionalos premedikacijas lidzeklus —
atropina sulfatu un fenotiazina grupas preparatus —
izmanto dzivnieku nomierinasanai, diskomforta mazi-
nasanai, dalgjai sapju remdesanai, ka arf lai atvieglotu
anestézijas iestasanos, vienlaicigi arT profilaktgjot
operaciju komplikacijas (Sawyer, Piermattey, 1992;
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2. att. QT intervala dinamika vacu aitusunu (-®-) un kokerspanielu (-O-) $kirnei II standartnovadijuma:
1 —premedikacija (atropina sulfats 0.02 mg kg~! kombinacija ar acepromazina maleatu 0.06 mg kg™);
2 —vispargja anestézija (ketamina hidrohlorids 6 mg kg~! un diazepams 0.6 mg kg™").
Fig. 2. QT interval dynamics of II Standard lead in German Shepherd (-®-) and
Cocker Spaniel (-O-) dogs during: 1 —premedication (atropine sulphate 0.02 mg kg~! and acepromazine maleate
0.06 mg kg™'); 2 — general anaesthesia (ketamine hydrohloride 6 mg kg™! and diazepam 0.6 mg kg™").

3.tabula
EKG QT intervala (s) dinamika Il standartnovadijuma
viriS§ka un sieviska dzimuma suniem visparejas anestézijas laika
Dynamics of ECG II standard lead QT interval (s) in dogs of both sex
during general anaesthesia
QT intervala vidgjas
Izmeklgjuma laiks / Vért.Tbas + standartk]oda / F%ée.r a P-vértiba /
Time of observation — VQT_mt?rval, mean i I\V/ISE_ - s.tatlst’lka / P-value
virieSu kartai / sievieSu kartai / Fisher’s test
for males for females

I1zejas stavoklis / Initial state 0.210 + 0.0038 0.204 + 0.0041 0.738 0.3952
10 min. pec premedikacijas / 0.218 £ 0.0040 0.215 +0.0037 0.178 0.6745
after premedication
1 min. p&c anestézijas / 0.205 £ 0.0039 0.200 + 0.0030 0.920 0.3414
after anaesthesia
15 min. p&c anestezijas / 0.204 £ 0.0049 0.201 +0.0035 1.690 0.1991
after anaesthesia
30 min. p&c anestezijas / 0.195 £ 0.0041 0.197 £ 0.0035 0.076 0.7843
after anaesthesia
45 min. p&c anestézijas / 0.197 £ 0.0036 0.196 + 0.0037 0.012 0.9131
after anaesthesia
60 min. p&c anestezijas / 0.200 £ 0.0034 0.198 £ 0.0040 0.166 0.6851
after anaesthesia

Premedikacija: 0.054% atropina sulfata Skidums (0.02 mg kg') kombinacija ar 1% acepromazina maleata skidumu (0.06
mg kg), injicjot intramuskulari / Premedication: 0.054% atropine sulphate solution (0.02 mg kg!) in combination with
a 1% acepromazine maleate solution (0.06 mg kg™) injected intramuscularly

Visparéja anestézija: 5% ketamina hidrohlorids (6 mg kg') kombinacija ar 0.5% diazepama skidumu (0.6 mg kg™),
injicgjot intravenozi/ General anaesthesia: 5% ketamine hydrochloride (6 mg kg™) in combination with a 0.5% diazepam
solution (0.6 mg kg™') injected intravenously
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Xosryn u ap., 2000; Nicholson, Watson, 2001; I11e6urr,
Bbpacc, 2001; Mapros, 2003; Pang et al., 2005).

Miisu ieprieksgjie eksperimentalie petijumi in vitro,
kuros noskaidrojam abu minéto premedikacijas lidzeklu
ietekmi uz izol&tas vardes sirds funkcionalajiem para-
metriem, pieradija, ka atropina sulfats kopa ar acepromazina
maleatu Sos parametrus ietekme tiesi (Avdosko, Birgele,
2002a). Ta ka vardes sirds bija izoléta, tad tai nebija
iesp&jams reagét uz dazadam sekundaram ietekmém, kuras
dzivniekiem organisma noris caur centralo nervu sistému
(CNS). Secinajam, ka atropina sulfats kopa ar acepromazina
maleatu rada izmainas izolGtas sirds vaditajsisteémas
funkcijas, jo izmainas novéroja sirdsdarbibas frekvencg,
sirds muskula sarausanas speka stipruma un ari sirds-
darbibas ritma. Jaatzime, ka sirds vaditajsistémas izmainas
premedikacijas Iidzeklu ietekmé pielauj art citi autori
(bonmapenko u 1ip., 1999; Xosrya u np., 2000; Maptos,
2003).

Attieciba uz suniem misu pétijumi liecina, ka pre-
medikacijas lidzeklu atropina sulfata un acepromazina
maleata ietekm@ notick EKG QT intervala pagarina-
Sanas. Abu premedikacijas lidzeklu summarais efekts
uz EKG QT intervalu suniem bija tiesi tads pats ka in
vitro to novérojam izolétam vardes sirdim — sirds-
darbibas frekvence samazinajas (Avdosko, Birgele,
2002a), vienlaicigi izraisot QT intervala pagarinasanos.
Turklat 8T pagarinasanas vienada méra noritgja ka vacu
aitusunu, ta kokerspanielu $kirnes dzivniekiem,
nedaudz atskiras tikai QT intervala absolitie raditaji.

Kas attiecas uz narkozes Iidzeklu ketamina hidro-
hlorida un diazepama ietekmi uz sirds—asinsrites siste-
mu, tad, nemot v&ra to salidzino$i pretéjas iedarbibas
uz sirdi, pamatoti ir ieteikts vispargjas (neinhalacijas)
anestézijas sasniegSanai izmantot abu So preparatu
kombinaciju (Haskins et al., 1986a,b; Haskins, 1992).

Jauzsver, ka narkozes Iidzek]u ketamina hidrohlorida
un diazepama summara ietekme uz EKG QT intervalu
(uz premedikacijas Iidzeklu fona) misu pé&tijjumos
ieklautajiem abu Skirnu dzivniekiem bija atSkiriga.
Vispirms gan kokerspanieliem, gan vacu aitusuniem QT
intervals pirmaja miniité p&c narkozes lidzeklu
ievadisanas krasi saisinajas. Talak vispargjas aneste
zijas laika 15. un 30. mintté paradijas QT intervala
dinamikas Joti nozimiga saistiba ar ,,faktoru” dzivnieka
Skirne (P = 0.01). Kokerspanielu $kirnes dzivniekiem
[1dz pat 30. miniitei p&c narkozes Iidzek]u ievadiSanas
QT intervals turpindja strauji saisinaties, un tikai péc
tam tas saka nedaudz pagarinaties un izlidzinaties. Taja
pasa laika vacu aitusunu Skirnes dzivniekiem, sakot
jauar 15. miniiti p&c narkozes lidzeklu ievadisanas, QT
intervala garums palielinajas. Toméer abu Skirnu suniem
pat vienu stundu p&c vispargjas anestézijas QT inter-
vals bija salidzinosi 1saks neka izejas stavoklt (pirms
premedikacijas lidzeklu ievadisanas).

Tatad velreiz jaakcent€ fakts, ka EKG QT intervala
garuma izmainas dazados laikos p&c vispargjas
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anestézijas (narkozes) lidzeklu ievadisanas lielaka vai
mazaka mera ir saistitas ar ,,faktoru” suna skirne.
Si iespgjama QT intervala dinamikas saistiba ar

suna Skirni dzivniekiem vispar€jas neinhalacijas
narkozes laika noteikti janem véra praktiskaja veterinar-
medicina, stradajot ar Skirnes dzivniekiem.

Nobeiguma jauzsver, ka suniem premedikacijas un
vispargjas anestézijas laika izmantojot pasreiz plasi
pielietoto neinhalacijas narkozes modeli, janem véra, ka
atropina sulfats un acepromazina maleats izraisa sirds
bradikardiju (Avdosko, Birgele, 2003a, b; Avdosko, Birgele,
2002a, b), tadgjadi pagarinot QT intervalu. Savukart
ketamina hidrohlorida un diazepama kombinacija rada
pret&ju efektu —sirds tahikardiju (Avdosko, Birgele, 2003a,
b), kas savukart vispargjas anestezijas laika izraisa QT
intervala saisinasanos. Turklat anestézijas laika vienmer
janem vera QT intervala dinamikas iesp&jamas atskiribas
dazadam sunu skirném. QT intervala izmainu saistiba ar
dzivnieka dzimumu nav biitiska.

Secinajumi

1. EKG QT intervals suniem premedikacijas
Iidzeklu atropina sulfata un acepromazina maleata
ietekmé biitiski pagarinajas; pagarinasanas pakape gan
kokerspanielu, gan vacu aitusunu skirnes dzivniekiem
praktiski bija vienada.

2. Vispargjas anestezijas (narkozes) lidzeklu ket-
amina hidrohlorida un diazepama summarais efekts (uz
premedikacijas Iidzeklu iedarbibas fona) suniem izpau-
zas ka QT intervala butiska samazinasanas.

3. QT intervala dinamika suniem narkozes lidzeklu
ketamina hidrohlorida un diazepama summaraja ietekmé
atseviskos anestgzijas laika periodos ir biitiski saistita
ar dzivnieka Skirni, bet nav saistita ar dzivnieka dzimumu.

4. Kokerspanielu un vacu aitusunu skirnes dziv-
niekiem miniiti péc narkozes Iidzeklu ievadiSanas ir
raksturigs loti krass un butisks QT intervala samazina-
jums. Kokerspanielu skirnes suniem QT intervala
samazinajums ketamina hidrohlorida un diazepama sum-
maraja ietekmg vel turpinajas Iidz 30. anestézijas mindtei.
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Sarkana ozola Quercus rubra L. meZaudzes Skédes meZzu novada
Stands of Red Oak Qercus rubra L. in Skede Forest District

Andrejs Dreimanis, Viesturs Sulcs
LLU Mezkopibas katedra, e-pasts: Andrejs.Dreimanis@llu.lv; Viesturs.Sulcs@llu/lv
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Abstract. The propagation of introduced tree species in the forests of Skede forest district began at the end of
the 19" century. The monitoring of growth of red oak stands has been carried out irregularly till now. During the
last 10 years the most relevant parameters — mean diameter, height of stands, basal area, and volume of stands
— have been researched. The results show that red oak stands in Talsi hill-land on loam moraine soils are
productive. The mean diameter of the main storey in 59-67 year-old red oak stands exceeds 29-32 cm. The
volume of stands varies between 440 and 585 m*ha™'. In the stands where the tree number is between 730-1170
trees per hectare, red oak loses its green crown; there is also decrease in the diameter and stagnation of stand
volume increment. The stands with a bigger number of trees outweigh other stands of the same age in basal area
and stand volume but fall behind in the mean diameter and stem volume.

Key words: introduced species, red oak, productivity.

Ievads

Sarkanais ozols no Ziemelamerikas Eiropa ir intro-
ducgts 1691. gada, bet Vacija— 1740. gada (Lidemann,
S.a.). Pakapeniski to icaudz&ja daudzas citas valstis,
taja skaita arf Latvija. Mezu pétisanas stacijas Skedes
novada mezos 2002. gada sarkana ozola audzes aiznéma
14.5 ha lielu platibu. Ta stadijjumu iertkosana minéta
Skedes muizas 1885. gada meZieribas projekta atzimés.
Preciza seklu materiala izcelsme ierikotajam audzém nav
zinama. P& Otra pasaules kara sarkana ozola stadu
izaudzesanai izmantots vietgjais, Skédé iegiitais seklu
materials. Janem véra, ka mateskoki ir bijusi paklauti

dabiskai izlasei aptuveni 40-50 gadu ilga perioda, taja
skaita |oti bargaja 1939./40. gada ziema.

Materiali un metodes

P&tTjuma materiali ievakti Mezu pétiSanas stacijas
Skédes novada ledaja kusanas @denu veidotaja
pauguraing, kur biezi sastopamas augligas mala un
smil$mala augsnes. Skédes mezu novada klimatiskais
raksturojums atrodams A. Dreimana (2001) publikacija.
Jaatzim@, ka absoliitais temperatliras minimums
tuvakaja Stendes meteorologiskaja stacija nav par-
sniedzis -36 °C, bet maksimums — +35 °C. Audzu

1. tabula/ Table 1

Sarkana ozola parauglaukumu raksturojums Skédes mezu novada
Characteristic of red oak sample plots in Skede forest district

Parauglaukuma Parauglaukuma
Kvartals / Nogabals / platiba, ha / Koku skaits / kordinates /
Compartment Forest plot Area of the sample Number of trees | Coordinates of the

plot, ha sample plot

3 17 0.264 194 57°16.273
22°42 814

14 21 0.060 47 57°14.588
22°37.875

14 21 0.136 124 57°14.627
22°37.859

18 1 0.232 224 57°14.828
22°39.972

18 1 0.202 237 57°14.828
22°39.972

19 1 0.185 154 57°14.582
22°37.871

19 1 0.175 181 57°14.582
22°37.871
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uzmérijumi veikti 6 pastavigajos parauglaukumos, kas
ierikoti 1994. gada, bet viens ierikts 2004. gada. To forma
—taisnstlrveida vai trapecveida atkariba no audzes
rakstura. Parauglaukumu atrasanas vietas koordinates,
meza kvartals un nogabals (2003. gada meza inventa-
rizacijas dati), platiba un kopgjais koku skaits paraug-
laukuma apkopoti 1. tabula. Parauglaukumu platibas
lielums ir robezas no 0.136 1idz 0.264 ha, iznemot 14.
kvartala 1. parauglaukumu ar 47 kokiem un 0.06 ha liclu
platibu. Koku skaits pargjos parauglaukumos ir robezas
no 124 Iidz 237. Visu parauglaukumos augoso koku
caurmers noteikts ar 1 mm precizitati, kas dod iesp&ju
precizak noteikt stumbra caurméra un tilpuma picau-
gumu. Koku sugas augstumliknes vienadojuma un
izlidzinato augstumu aprékinasanai uzmeriti 12-25
dazadu caurméra pakapju koki. Koku augstumi mérfti
ar eklimetra tipa ,,Suunto” firmas augstumméru. Stumbra
tilpums noteikts ka ta Skérslaukuma, augstuma un
veidskaitla reizinajums. Aprékinos izmantotas Vacija
izmantotas sarkana ozola stumbra veidskaitlu apreki-
nasanas formulas (Richtlinien und Tabellen ..., 1986).
Vietgjo koku sugu stumbra tilpumi aprékinati pec I.
Liepas (1996) formulam. Stumbra tilpumi un audzes
krajas aprekinatas, izmantojot izmerito koku caurmerus
un audzes koku izlidzinatos augstumus. Galvenaja
audze ieklauti 1.-3. Krafta klases koki, bet starpaudze —
4.-5. klases koki.

Rezultati un diskusija

Sarkana ozola Quercus rubra L. (Q.borealis Michx.
F., Q.borealis var.maxima (Marsch.) Asche) dabiskais
areals Ziemelamerika ir visai plass (Roloff, Bértels, 1996).
Tas plesas starp 33-37 ziemelu platuma gradu (Kramer,
1989). Sastopams Kanada un ASV austrumu dala.
Ziemelos areals sasniedz Ontario un Kvebekas prov-
inces dienviddalu Kanadas austrumos, ASV sastopams
pie Lielajiem ezeriem, aiznem lielu dalu no Misisipi
baseina, bet dienvidos plesas Iidz Atlantai. Apalacu
kalnos sastopams pat 1500 m augstuma virs jiiras [imena.

Dabiskaja areala sarkanais ozols galvenokart veido
mistraudzes ar vietgjam skuju un lapu koku sugam.
Tiraudzes sastopamas reti. Sastopams dazadas aug-
snés, bet vislabak aug dzilas mala augsnés. Necies§
augstus, tapat arT stavoSus gruntsiidenus. Dabiskaja
arcala vislabako augSanu uzrada apstaklos ar gada
nokrisnu summu 1000 mm, vid&jo temperatiiru 11-14 °C
un bezsala periodu 150 dienu garuma (Dengler, 1992).
Gaismas prasiba jauniba mazaka neka lielaka vecuma.
Jauniba labi aug garuma, pat ja apgaismojums sasniedz
tikai 15-30% no pilna apgaismojuma klaja lauka. Velak
vajadziba peéc gaismas palielinas. Labi apgaismoti
vainagi vecakas audzeés nodro§ina labu caurméra
pieaugumu un resnu stumbru veidoSanos. Audzu
malas sarkanais ozols biezi izteikti ticcas péc labaka
apgaismojuma, veido ltkumainus stumbrus un resnus
zarus. Pirmajos desmit dzives gados garuma picaugums
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laba apgaismojuma var sasniegt 70 cm gada. Labas
augsnés Ohaio Stata koki audzes sasniedz 30 m
augstumu (maksimali 45 m) un stumbra caurméru 60-90
cm (Dengler, 1992).

Sarkanais ozols Eiropa mezaudzes stadits no 18.
gs. sakuma. Latvija introducéts 19. gs. pirmaja pus¢.
Meza stadijumos sakts audzet 19. gs. beigas un 20. gs.
sakuma (Maypub, 1959). Skédes novada mistraudzgs
kopa ar Veimuta priedi un parasto egli sarkanais ozols
sasniedz 25 m augstumu, bet stumbra diametru — 56
cm. Auglus razojosie koki pietieckama daudzuma dod
vietgjo seklas materialu. No vietgjam scklam izaugusie
koki ir labak pielagojusies vietgjiem klimatiskajiem
apstakliem (Ozols, 1959a, 1959b).

Pettjumi Latvija 20. gs. vidii liecina, ka sarkana ozola
ziemcietiba ir ievérojami paaugstinajusies (Maurins,
1963). Tas ir izturigs pret nelabveligajiem klimatiskajiem
apstakliem. Tikai |oti reti, Ipasi aukstas ziemas (1939./
1940. g. un 1955./1956. g.), noveroti sala bojajumi:
izsalusi pumpuri un dala jauno dzinumu, retak nosalusi
dala resnako zaru (Lange, 1957). 1978./1979. gada ziema
Madonas rajona (Iedzénos un Jaunkalsnava) sarkanais
ozols nav cietis (Smaukstelis, Igaunis, 1982). Jutigaks
pret temperattiras izmainam neka parastais ozols, dazkart
cies pavasara salnas (Salins, 1971).

Sarkanais ozols péc augsnes auglibas ir mazpra-
sigaks, atraudzigaks un &ncietigaks, pret kaitekliem un
slimibam izturigaks neka parastais ozols. Sarkanajam
ozolam caurméra un tekosais stumbra tilpuma pieau-
gums kulming ap 40 gadiem, parastajam ozolam tikai
80-90 gadu vecuma (Miirnieks, 1964). Audzes kraja
55-60 gadu vecuma sasniedz 600-650 m*ha’'. Vacija
Svarcvaldes priekskalngs 70 gadu vecuma sarkanais
ozols ir par 4 m garaks neka parastais ozols.

P&c P. Miirnieka (1964) datiem, vecaka sarkana ozola
kultiira Latvija ir ierfkota 1902. gada Sk&des novada.
Tas vid&jais augstums ir 25 m, vidgjais stumbra caurmers
—37 cm. Tatad sarkanais ozols ir atraudzigaks par parasto
ozolu, bet koksnes mehaniskakas 1pasibas ir lidzver-
tigas. Sarkanais ozols atskiriba no parasta ozola neslimo
ar miltrasu. Vacija 100 gadu vecuma sarkanais ozols
1. bonitates audzes sasniedz 32 m augstumu un 442 m?
lielu kraju uz hektara.

Sarkana ozola iecaudz€sanai piemérotakie meza
augSanas apstaklu tipi ir veris un garsa, bet pietickami
produktivas mezaudzes veido arT damaksni. Baziskas,
ka ari smaga mehaniska sastava un slapjas augsnés
aug slikti. Lapu nobiras uzlabo augsni, tapéc nereti to
audz€ mistrojuma ar parasto priedi (Mangalis, 2004).

Koksnei ir gaisdzeltena vai gaiSpeleka aplieva un
iesarkans vai briingans kodols. Koksne ir viegli
apstradajama, lai gan griitak &velgjama. To biezi izmanto
lobtta un drazta finiera iegisanai. Koksnes gadskartas
labos aug8anas apstaklos ir platas, kas var samazinat
koksnes realizacijas cenu.

Pirmie sarkanie ozoli Sk&des mezu novada iestaditi
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mezaudzes mala pie bijusas mezniecibas ¢kas, ka ar1
gar celu uz Talsiem. So koku uzmérijumi atspoguloti
Miirnieka (1964) publikacija. Sie stadijumi kalpojusi
seklu ieguvei, stadama materiala izaudz&é$anai un
turpmako stadfjumu ierfkosanai. Skédes novada 3. kvar-
tala 17. nogabala, ka liecina 1962. gada meZiericibas
materiali, 1946. gada ierikots sarkana ozola s€jums, kas
2004. gada bija 59 gadus vecs. Audzes taksacijas raditaju
dinamika redzama 2. tabula. 1962. gada jaunaudzes
vecuma audzes sastavs ir bijis 5Soz SB + E . KopSanas
cirtés vairums bérzu izcirsti, palikuso bérzu un dabiskas
izcelsmes ozolu skaits 2004. gada bija nedaudz liclaks
par 10% no koku kopskaita.

Sarkana ozola audze ierikota ar pictickamu biezumu,

tadel kopgjais koku skaits 1994. gada neparsniedza 770
kokuuz 1 ha. To var uzskatit par optimalu salidzinajuma
ar citam §is sugas mezaudzém. P&dgja desmitgade
turpinas sarkana ozola caurméra picaugums, kas
galvenas audzes vidéjam kokam sasniedzis 3.5 cm.
Sarkana ozola galvenas audzes $kérslaukums 59 gadu
vecuma sasniedza 39 m? ha’', bet kraja — 446 m?® ha’',
kas liecina par ievérojamu sarkana ozola augSanas
potencialu. Sarkana ozola vid€jais caurmérs galvenaja
audzg sasniedz 29 cm, bet augstums — 24 m. Citu sugu
piemistrojums audzg ir nenozimigs un to kopgja kraja
neparsniedz 10%. Piemistrojuma esosais bérzs nepar-
sniedz sarkana ozola dimensijas, bet parastais o0zols
augSana atpaliek. Sarkanais ozols $eit veido relativi

2. tabula/ Table 2

Sarkana ozola audze Skédes novada 3. kvartala 17. nogabala véra
meZa augSanas apstaklu tipa 2003. gada
Red oak stand in Skede forest district (compartment No. 3-17) in an Oxalidosa forest site type in 2003

Suga / Koki / G, M, Vv, D, H,,
Audze / Stand Species Treels, m*ha’ | m’ha’ m’ cm m
ha’
1994. gada 49 gadus veca / 49 years old in 1994
Galvena audze / Soz 591 30.1 321.1 0.54 25.5 22.5
Main stand
Starpaudze / Soz 83 0.8 5.1 0.06 11.1 14.1
Intermediate stand
B 38 2.1 23.2 0.61 26.9 23.9
Oz 57 1.7 16.3 0.29 19.5 20.4
Kopa / Total 769 34.7 365.7
1999. gada 54 gadus veca / 54 years old in 1999
B 34 1.9 20.8 0.60 26.9 24.0
Oz 57 1.9 18.6 0.33 20.5 21.0
Galvena audze / Soz 595 34.4 377.1 0.63 27.1 23.2
Main stand
Starpaudze / Soz 80 0.8 5.5 0.07 11.6 14.5
Intermediate stand
Kopa / Total 766 39.0 422.0
2004. gada 59 gadus veca / 59 years old in 2004
Galvena audze / Soz 595 39.2 440.6 0.74 29.0 23.8
Main stand
Starpaudze / Soz 76 0.8 5.6 0.07 11.8 14.8
Intermediate stand
B 34 2.1 23.4 0.69 28.3 24.5
Oz 30 1.4 15.0 0.49 24 .4 22.9
Kopa / Total 735 43.5 484.6

Apzimg&jumi / Notations: Soz — sarkanais ozols / red oak (Quercus rubra L.)
B — karpainais bérzs / silver birch (Betula pendula Roth.)

Oz — parastais ozols / English oak (Quercus robur L.)
G, m?ha' - audzes $kérslaukums / stand basal area
M, m?®ha'— audzes kraja / stand volume

D, cm- vidgjais kriiSaugstuma caurmers / mean diameter at breast height

H,cm- vidgjais augstums / mean height
V, m * — stumbra tilpums / stem volume
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3. tabula/ Table 3

Sarkana ozola audze Skédes novada 14. kvartala 21. nogabala
1. parauglaukuma véra meZa augSanas apstaklu tipa 2003. gada
Red oak stand on the 1st research plot of Skede forest district (compartment No. 14-21) in an Oxalidosa

forest site type in 2003
Suga / Koki / G, M, V, D, H,,
Audze / Stand Species Treels, m*ha’! m’ha! m’ cm m
ha’
1994. gada 57 gadus veca / 57 years old in 1994

Galvena audze / | Soz 600 39.5 449.7 0.75 29.0 24.6
Main stand

Starpaudze / Soz 150 2.2 18.4 0.12 13.8 17.6
Intermediate

stand
E 17 0.9 10.3 0.62 26.2 23.7
Oz 17 6.4 99.7 5.98 70.2 33.0
Kopa / Total 784 49.0 578.1
2004. gada 67 gadus veca / 67 years old in 2004

Galvena audze / Soz 600 49.3 584.9 0.97 31.7 25.3
Main stand

Starpaudze / Soz 150 2.4 24.5 0.16 14.3 17.8
Intermediate

stand
E 17 1.0 11.9 0.72 28.1 24.3
Oz 17 7.3 114.9 6.89 74.8 336
Kopa / Total 784 60.0 736.2

Apzim&jumi / Notations: E — parasta egle / Norway spruce (Picea abies (L.) karst.)
Pargjie apzimajumi — skat. 1. tabulu / Other notations — see Table 1

taisnus un labas kvalitates stumbrus. Starpaudzes (4.
un 5. Krafta klase) koki augSana ievérojami atpaliek.
Sarkana ozola krajas vid&ja izmaina audzes dzives viena
gada laika ir 7.46 m*® ha’', bet pédéja desmitgade
ieveérojami lielaka — 11.95 m® ha’'. Tas liecina par
ievérojamu koksnes pieaugumu 50-60 gadu vecuma.
Sarkana ozola vidgjais stumbra tilpums sasniedz 0.74

m?. Audz€ veicama kopSanas cirte, lai samazinatu koku
skaitu un veicinatu labako koku pieaugumu resnuma.

Divas vecakas sarkana ozola audzes aug Skedes
novada 14. kvartala 21. nogabala netalu viena no otras,
kas iertkotas 1938. gada. Koku skaits 1. parauglaukuma
ir nedaudz mazaks par 800 kokiemuz 1 hektaru (3. tabula)
un [idzinas audzes biezumam 3. kvartala audze.

4. tabula / Table 4

Sarkana ozola audze Skédes novada 14. kvartala 21. nogabala

2. parauglaukuma véra meZa augsanas apstaklu tipa 2003. gada
Red oak stand on the 2nd research plot of Skede forest district (compartment No. 14-21) in an Oxalidosa

forest site type in 2003
Suga / Koki / G, M, Vv, D, H,,
Audze / Stand Species Tree]s, m*ha’! m’ ha’! m’ cm m
ha
2004. gada 67 gadus veca / 67 years old in 2004
Oz 37 4.8 66.0 1.79 40.8 30.5
Galvena audze / Soz 632 41.0 504.9 0.80 28.7 26.7
Main stand
Starpaudze / Soz 243 4.7 44 .4 0.18 15.7 20.2
Intermediate stand
Kopa / Total 912 50.5 615.3

Apzim&jumi / Notations: skat. iepriek§gjas tabulas / see previous tables
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2004. gada audz€ auga 750 sarkanie ozoli, kuru
kopgja kraja sasniedza 609 m® ha’', kas ir ievérojami
vairak neka 3. kvartala. Galvenas audzes sarkana ozola
vidgjais caurmérs ir 31.9 cm, vid&jais augstums —25.3 m.
Koku augstuma un caurméra attieciba ir mazaka par
vienu un uzskatama par optimalu. Audze nav cietusi
2005. gada janvara vétra, lai gan atrodas laukmala un
paugura augSdala. Parasta ozola taksacijas parametru
salidzinajums ar sarkano ozolu nav iesp&jams, jo
parauglaukuma aug viens loti resns ozols, kas biitiski
sagroza parauglaukuma kopgjos raditajus. Sarkana ozo-
la galvenas audzes kraja nogabala sasniedz 585 m* ha''.

ArT §aja audz€ sarkanais ozols apliecina savu atraudzibu
un sp&ju veidot lielu audzes $kérslaukumu (51.7 m? ha'!),
kas butiski ietekme audzes kraju. Sarkana ozola
caurméra pieaugums p&dgeja desmitgadg ir tikai 2.7 cm.
To, iespgjams, pazemina augSana atpalikuSo koku
niecigie zalie vainagi un samazinata lapu asimilacijas
virsma. Vidgja sarkana ozola krajas izmaina pedgja
desmitgadg ir 13.5 m® ha'! gada, kas liecina par izcili
labu koksnes pieaugumu.

2004. gada Skédes novada 14. kvartala 21. nogabala
ierikots jauns — 2. — parauglaukums (4. tabula). Audze
ierikota uz nogazes, stadiSana veikta precizas rindas.

5.tabula/ Table 5

Sarkana ozola audze Skédes novada 18. kvartala 1. nogabala
1. sekcija véra meza augSanas apstaklu tipa 2003. gada
Red oak stand in the 1st section of Skede forest district (compartment No. 18-1)
in an Oxalidosa forest site type in 2003

Suga / Koki / G, M, Vv, Dy, H,,
Audze / Stand Species Treels, m*ha’! m’ ha m’ cm m
ha’
1994. gada 33 gadus veca / 33 years old in 1994
K 73 1.6 14.2 0.19 16.4 19.1
L 39 1.0 9.7 0.25 18.2 20.0
Os 34 1.3 14.3 0.41 22.3 22.0
Oz 198 3.6 34.5 0.17 15.2 18.3
Galvena audze / Soz 733 17.2 159.7 0.22 17.3 19.6
Main stand
Starpaudze / Soz 349 3.1 20.0 0.06 10.6 14.9
Intermediate stand
Kopa / Total 1426 27.8 252.4
1999. gada 38 gadus veca / 38 years old in 1999
K 56 1.1 10.2 0.18 16.0 18.8
L 26 0.9 9.4 0.36 21.2 21.5
Os 34 1.6 17.6 0.51 24.4 22.9
Oz 108 3.1 32.2 0.30 19.1 20.5
Galvena audze / Soz 698 19.4 187.6 0.27 18.8 20.4
Main stand
Starpaudze / Soz 69 0.9 6.7 0.10 12.7 16.6
Intermediate stand
Kopa / Total 991 27.0 263.7
2004. gada 43 gadus veca / 43 years old in 2004
K 52 1.1 10.0 0.19 16.4 19.1
L 26 1.0 10.8 0.42 22.4 22.0
Os 34 1.9 20.9 0.61 26.3 23.6
Oz 91 3.1 33.2 0.37 20.8 21.3
Galvena audze / Soz. 685 22.6 227.0 0.33 20.5 21.2
Main stand
Starpaudze / Soz 52 0.8 6.2 0.12 13.7 17.4
Intermediate stand
Kopa / Total 940 30.5 308.1

Apzim&jumi / Notations: K — parasta klava / Norway maple (Acer platanoides L.)

L — parasta liepa / common European linden (7ilia cordata Mill.)

Os — parastais osis / common ash (Fraxinus excelsior L.)

Pargjie apzimajumi — skat. ieprieksgjas tabulas / other notations — see previous tables
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Dabiskas izcelsmes parasto ozolu 37 koki uz hektara,
kas butiski neietekm@ audzes parametrus, to kraja
galvenaja audzg ir nedaudz lielaka par 10%. Audze
biezums joprojam ir liels — 912 koki uz hektara, tatad
vairak neka §tkvartala 1. parauglaukuma. Tas samazina
audzes koku augSanas telpu, vainagu platumu un
garumu, ka arT koku izmé@rus. Sarkana ozola vidgjais
caurmgrs ir par 3 cm mazaks. Vidgja galvenas audzes
krajas izmaina 67 gadu vecuma ir 7.53 m*ha™' gada, kas
irievérojami mazak neka 1. parauglaukuma (8.72 m*ha!
gada). Audzg ir notikusi izteikta sarkana ozola koku
diferencésanas, jo 27% koku pieskaitami starpaudzei.
To atpaliciba augsana ir visai izteikta, par ko liecina
ievérojami mazaks vidgjais caurméers un augstums. To
izcirSana bija nepiecieSama vismaz pirms 20 gadiem,
jo pasreiz tie negativi ietekmé galvenas audzes koku
vainagus. Apstiprinas zinama patiesiba, ka jauniba
ozoli labi pacie$ sanu apénojumu, kas veicina koku
augSanu garuma, taisnu stumbru veidoS$anos un
savlaicigu dabiskas atzaroSanas procesu. Pietickams
audzes biezums jauniba sarkanajam ozolam novers
sugai raksturigo fototropisma izpausmi (Liidemann,
S.a.), bet velak negativi ietekm& koku augsanu
resnuma un krajas uzkrasanos.

Skédes novada 18. kvartala augosa sarkana ozola
audze 2004. gada sasniedza 43 gadu vecumu (5. tabula).
Taierikota 1962. gada bijusas kailcirtes platiba, kur pirms
tam auga apméram 70 gadu veca eglu tiraudze. Audzes
ierikosanas biezums lielaks neka 3. un 14. kvartala, jo
1994. gada platiba auga 1426 koki ha'. Bez sarkana
ozola audzg sastopami dabiskas izcelsmes parastie
ozoli, klavas, liepas un o8i — kopuma 346 koki ha’'.
Sarkana ozola vidgjais caurmérs ir 17.3 cm, bet augstums
—19.6 m. Koku slaiduma koeficients (H/D) ir lielaks par
1, kas nepasliktina audzes noturibu, bet negativi
ietekm¢& koku vainagu absol@ito un relativo garumu,
samazina lapu virsmu un koksnes producg&sanas
iesp&jas. Audze Saja vecuma uzskatama par parbie-
zinatu. 1997. gada audzg veikta zemas intensitates
kopsanas cirte no apaksas, izc€rtot augsana atpalikuSos
sarkanos ozolus (310 koki ha™) un gandriz pusi parasto
ozolu. Sarkana ozola galvenas audzes koku vidgjais
caurmérs 2004. gada 43 gadu vecuma sasniedza 20.5 cm,
augstums —21.2 m, betkraja—227 m*ha™. Vidgja krajas
izmaina pedgjos 8 gados ir 5 m® ha! gada. 2004. gada
rudeni, ievérojot koku stumbru kvalitati, izm&rus un
izvietojumu audzg, veikta mérka koku atlase. Vienlaicigi
atzim&ti mérka kokiem traucgjosie ipatni, kuru izcirSanu
2005. gada aizkavgja janvara vétra. Sarkanais ozols vétra
nav cietis. Koku skaita atkartota samazinasana uzlabos
palikuso koku apgaismojuma apstaklus un koka
barosanas platibu.

Otraja §1s audzes sekcija kopsSanas cirte netika
veikta, ta atstata salidzinasanai (6. tabula). Sakotngji
abas sekcijas biitiski neatskiras ne péc koku skaita, ne
citiem taksacijas raditajiem. No 1994. [idz 1999. gadam
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2. sekeija verojama koku skaita dabiska samazinasanas,
atmirstot ap 100 augSana atpalikusajiem Tpatpiem uz 1
ha. Tada pati tendence vérojama nakamajos 5 gados.
Koku atkartota uzmérisana 2004. gada pieradija, ka 8—
13 cm resnie sarkanie ozoli praktiski caurméra vairs
nepieaug, un tie neizb&gami parvertisies par kritalam.
Koku skaits audz€ ir par lielu, audzes koki nepietickama
apgaismojuma dg] turpina zaud&t zalos vainagus.
Sarkanajam ozolam audz€ sakas tdenszaru veido-
Sanas, kas liecina par nepietickamiem apgaismojuma
apstakliem un kas izsauks koku diferencé$anas pastip-
rinasanos, novedis pie talakas picauguma stagnacijas,
bet sliktakaja gadijuma saksies audzes sabruksanas
process. Sarkana ozola vid&jais caurmérs pedeja
desmitgadg palielingjies par 1.6 cm, arT vidgjais stumbra
tilpums ir ievérojami mazaks (0.28 m?®) neka koptaja
sekcija (0.33 m?). Tas nozimég, ka audzes sortimentu
struktiira otraja sekcija ir sliktaka — audz€ ir daudz
vairak stku dimensiju koku, kas praktiski izmantojami
malkai.

Sarkana ozola audze 19. kvartala 1. nogabala ir
iertkota 1960. gada (7. tabula). Audze ierikoti divi
parauglaukumi. Pirmaja sekcija sarkano ozolu skaits ir
par vienu treSdalu mazaks neka otraja; taja ir arT izteikta
daudzskaitliska dabiskas izcelsmes klavas paauga. Péc
vizuala vert&juma sarkanais ozols ir ar l[ikumainakiem
stumbriem un sliktaku atzaro$anos, jo pirmie sausie zari
atrodas zemak. Dabiska atzaroSanas zaru cietas koksnes
del ir kaveta. Kvalitativu sortimentu izaudz€sana ir
janodrosina ar savlaicigu labako koku atzaroSanu. 1994.
gada 1. sekcija auga 798 sarkanie ozoli uz 1 ha. Desmit
gadu laika koku skaits samazinajies par aptuveni 8%.
Vidgjais sarkana ozola caurmérs ir 18.2 cm un aptuveni
par 1 cm lielaks neka 18. kvartala audzes. Galvenas
audzes sarkano ozolu vidgjais caurmérs 2004. gada
sasniedza 21.8 cm. Pedgja piecgadg vidgja krajas izmaina
ir bijusi 6.26 m* ha' gada. NepiecieSama audzes
steidziga retinaSana no apaksas. Sarkana ozola kraja
Saja parauglaukuma ir mazaka neka 18. kvartala, kas
izskaidrojams ar mazaku koku skaitu uz hektara, lai gan
vidgja koka stumbra tilpums 2004. gada ir nedaudz
lielaks —0.36 m®.

Audzes 2. sekcija koku skaits ir lielaks, kas nodro-
Sina lielaku sarkana ozola un audzes kopkraju. Kraju
atSkiriba sasniedz 47 m* ha! (8. tabula). Vid&jais stumbra
tilpums 2. sekcija ir 0.31 m?, tatad mazaks neka 1. sekcija
ar mazaku audzes biezumu (832 koki ha™).

Viena tresa dala no audzes kopkrajas ir radusies
pedgjos 10 gados. Abu sekeiju audzu vidgjie caurmeri
ir I1dz1gi, lai gan otraja sekcija ir nelabveligaks koku
sadalfjums caurméra pakapgs, kas negativi ietekmée
caurméra vidgjo vertibu. Pirmaja sekcija notiek |oti
intensiva parastas klavas atjauno$anas, to augstums
sasniedz 2-4 m, kas rada saknu konkurenci sarkanajam
ozolam. Abas sekcijas sarkanais ozols labi razo ziles,
kas izmantojamas turpmaka sarkana ozola pavairosana.
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6. tabula/ Table 6

Sarkana ozola audze Skédes novada 18. kvartila 1.nogabala
2. sekcija véra augSanas apstaklu tipa 2003. gada
Red oak stand in the 2nd section of Skede forest district (compartment No. 18-1)
in an Oxalidosa forest site type in 2003

Suga / Koki / s M, V, D,, H,,
Audze / Stand Species Tree]s, m*ha’! m’ ha m’ cm m
ha
1994. gada 33 gadus veca / 33 years old in 1994
B 15 0.3 2.4 0.16 15.6 18.6
Bl 45 0.8 7.4 0.17 15.3 17.7
K 50 1.1 10.7 0.22 16.9 18.7
Os 35 0.7 6.5 0.19 16.3 18.4
Oz 158 3.6 35.6 0.22 17.0 18.8
Galvena audze / Soz 886 20.2 181.3 0.20 17.0 18.8
Main stand
Starpaudze / Soz 188 2.0 13.9 0.07 11.6 15.0
Intermediate stand
Kopa / Total 1377 28.7 257.8
1999. gada 38 gadus veca / 38 years old in 1999
B 15 0.4 34 0.23 17.9 19.9
Bl 35 0.9 8.6 0.25 18.1 19.4
K 45 1.2 1.9 0.27 18.4 19.6
Os 35 0.9 8.4 0.24 18.1 19.4
Oz 119 2.8 27.8 0.23 17.5 19.0
Galvena audze / Soz 886 23.8 2232 0.25 18.5 19.6
Main stand
Starpaudze / Soz 158 1.8 13.2 0.08 12.1 154
Intermediate stand
Kopa / Total 1293 31.8 286.5
2004. gada 43 gadus veca / 43 years old in 2004
B 15 0.4 3.8 0.26 18.8 19.8
Bl 35 1.1 11.6 0.34 20.4 20.6
K 45 1.3 13.1 029 19.2 20.0
Os 35 1.1 10.6 0.31 20.0 20.4
Oz 59 2.2 234 0.39 21.8 21.2
Galvena audze / Soz 866 27.2 264.9 0.31 20.0 20.4
Main stand
Starpaudze / Soz 119 1.6 12.8 0.11 13.1 16.2
Intermediate stand
Kopa / Total 1174 34.9 340.2

Apzim&jumi / Notations: Bl —bligzna / goat willow (Salix caprea L.)

Pargjie apzimajumi — skat. ieprieksgjas tabulas / other notations — see previous tables

Abu parauglaukumu salidzinajums lauj secinat, ka
lielaks koku skaits palielina audzes kraju, bet vienlaicigi
kaveé koku caurméra pieaugumu un resnu sortimentu
izaudzgSanas iespgjas.

Nepietickama apgaismojuma apstaklos péc zala
vainaga zaudg&Sanas, sarkanajam ozolam veidojas
tidenszari, kas visai biezi sastopams 18. un 19. kvartala
parauglaukumos.

Sarkana ozola dabiskaja areala julija vidgja
temperatiira ir robezas no 16 Iidz 19 °C (Ebert, 1998),
kas ir loti ITdziga Latvijas klimatiskajiem apstakliem.
Skedes novada sarkana ozola audzu taksacijas raditaju
kopsavilkums sakopots 9. tabula, lai salidzinatu ta
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augSanu ar citiem audz&S$anas regioniem. Salidzinot
viena vecuma parauglaukumus 18. un 19. kvartala,
izpauzas skaidri saskatama tendence, ka lielaks koku
skaits platiba nodroSina lielaku audzes Sk&rslaukumu
un kraju, bet vienlaicigi samazina koku vid&jo caurmeru
un stumbra tilpumu.

Kaliningradas apgabala véra augsanas apstak]u tipa
sarkanais ozols 45 gadu vecuma ir sasniedzis koka
vidgjo caurméru 20.1 cm, vidgjo augstumu — 18.6 m, bet
stumbra tilpumu — 0.26 m? (MumHes, 1961). Audzes
skérslaukums 48 gadu vecuma sasniedz 20 m* ha', bet
kraja— 184 m* ha'. Konstatéts, ka sarkanais ozols aug
atrak par parasto ozolu, ta parametri atbilst 1. bonitatei.
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Sie raditaji praktiski sakrit ar audzu taksacijas
parametriem Skédes mezu novada. Lidziga vecuma
audzu krajas Sk&de ir lielakas (207-265 m® ha), ko
nosaka liclaks koku skaits platiba. Sarkana ozola audzu
novertéjums Ebersvaldg, netalu no Berlines, 60 gadu
vecuma sasniedz 20-25 m lielu vidgjo augstumu
(Lockow, 2001). Audzu augsana atbilst 2. bonitatei, kas
80 gadu vecuma nodros$ina 35 cm lielu audzes vid&jo
caurméru, bet 100 gadu vecuma —45 cm. Sarkana ozola
kraja Ebersvalde dazadas auglibas augsnés 65-110 gadu
vecuma ir robezas no 300 Iidz 550 m® ha'. Vacijas
austrumdala sarkanais ozols ir icklauts audzgjamo sugu
saraksta péc novertetas audzu razibas, koksnes Tpa-
§1bam un tas izmantoSanas iespgjam.

Skede 59—67 gadu vecuma sarkanais ozols sasniedz
28.7-31.7 cm lielu vidgjo caurméru un 440-585 m® ha'!

lielu kraju (9. tabula). Vacija 1. bonitates audzes 100
gadu vecuma sarkanais ozols sasniedz 440 m* ha'! lielu
kraju, vidgjo caurméru — 50 cm un vid€jo stumbra
tilpumu — 3 m® (Ebert, 1998). Sk&des novada mezaudzes
lidzigu kraju sasniedz 65 gadu vecuma, bet audzes liela
biezuma d¢l ievérojami atpalick péc caurméra picau-
guma. Vacijas pieredze liecina, ka labako koku izvéle
un to augSanas apstaklu uzlabosana jasak, kad tie
sasniegus$i 20 m augstumu. Optimalais koku skaits —
450 gabali uz 1 ha. Skédes novada audzés koku skaits ir
vismaz divreiz lielaks, kas ir galvenais caurméra
pieauguma stagnacijas iemesls. Udenszaru veidoSanas
audzes ar nepietickamu augsanas telpu un apgais-
mojumu ir sugai raksturiga ipasiba (Ebert, 1998), kas
raksturiga sarkanajam ozolam ar Sk&des novada. Var
secinat, ka sarkanais ozols Skédes mezu novada

7. tabula / Table 7

Sarkana ozola audze Skédes novada 19. kvartala 1. nogabala
1. sekcija véra meza augSanas apstaklu tipa 2003. gada
Red oak stand in the 1st section of Skede forest district (compartment No. 19-1)

in an Oxalidosa forest site type in 2003

Suga / Koki / G, M, Vv, D, H,,
Audze /Stand Species Tree]s, m*ha’! m’ha! m’ cm m
ha’
1994. gada 35 gadus veca / 35 years old in 1994
B 16 0.8 7.6 0.47 24.6 21.1
E 11 0.2 2.1 0.19 16.1 17.4
Oz 141 2.5 21.3 0.15 15.0 16.8
Galvena audze / Soz 595 15.5 139.1 0.23 18.2 18.5
Main stand
Starpaudze / Soz 195 2.0 14.0 0.07 11.5 14.5
Intermediate stand
Kopa / Total 958 21.0 184.1
1999. gada 40 gadus veca / 40 years old in 1999
B 11 0.5 4.5 0.41 24.6 21.1
E 5 0.1 0.6 0.11 12.5 15.2
Oz 124 2.6 22.9 0.18 16.2 17.5
Galvena audze / Soz 595 18.8 175.6 0.30 20.1 19.4
Main stand
Starpaudze / Soz 146 1.3 8.7 0.06 10.8 14.0
Intermediate stand
Kopa / Total 881 233 212.3
2004. gada 45 gadus veca / 45 years old in 2004
Soz 708 22.8 215.9 0.30 20.2 19.4
B 11 1.0 10.7 0.98 34.1 24.0
E 5 0.2 1.7 0.31 20.1 19.4
Oz 108 2.5 22.3 0.20 17.0 17.9
Galvena audze / Soz 573 21.4 206.9 0.36 21.8 20.1
Main stand
Starpaudze / Soz 135 1.4 9.6 0.07 11.3 14.3
Intermediate stand
Kopa / Total 832 26.5 251.2

Apzim&jumi / Notations: skat. iepriek$gjas tabulas / see previous tables
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8. tabula/ Table 8

Sarkana ozola audze Skédes novada 19. kvartala 1. nogabala
2. sekcija véra meZa augsanas apstaklu tipa 2003. gada

Red oak stand in the 2nd section of Skede

forest district (compartment No. 19-1)

in an Oxalidosa forest site type in 2003

Suga / Koki / G, M, vV, D, H,,
Audze / Stand Species Treels, m”ha’! m’ha’! m’ cm m
ha
1994. gada 35 gadus veca / 35 years old in 1994
Bl 11 0.3 2.5 0.22 17.4 18.7
Ds 11 0.3 2.9 0.26 16.9 18.4
E 17 0.4 4.1 0.24 17.6 18.8
Oz 109 1.3 10.2 0.09 12.3 15.5
Galvena audze / Soz 840 19.6 174.6 0.21 17.2 18.6
Main stand
Starpaudze / Soz 206 1.5 8.6 0.04 9.7 13.4
Intermediate
stand
Kopa / Total 1194 23.4 202.9
1999. gada 40 gadus veca / 40 years old in 1999
Galvena audze / Soz 840 23.4 217.9 0.26 18.9 19.4
Main stand
Starpaudze / Soz 183 1.5 8.7 0.05 10.1 13.8
Intermediate
stand
Bl 11 0.3 3.1 0.27 19.1 19.7
Ds 11 0.4 4.8 0.41 21.0 20.4
E 17 0.5 4.7 0.27 18.6 19.3
Oz 80 1.2 9,8 0.12 13.6 18.5
Kopa / Total 1142 27.3 249.0
2004. gada 45 gadus veca / 45 years old in 2004
Bl 6 0.2 2.0 0.34 21.0 20.4
Ds 11 0.5 6.7 0.58 24.5 21.8
E 17 0.5 5.2 0.30 19.5 19.7
Galvena audze / Soz 823 26.2 251.0 0.31 20.1 20.0
Main stand
Starpaudz e/ Soz 137 1.2 7.4 0.05 10.6 14.2
Intermediate
stand
Oz 40 0.7 5.9 0.15 14.7 17.2
Kopa / Total 1034 29.3 278.2

Apzimg&jumi / Notations: skat. ieprieksgjas tabulas / see previous tables

augSana neatpaliek no mezaudzém siltaka klimata
apstaklos un ieteicams audz€Sanai mezaudzes augli-
gos augsanas apstaklos v&rT un garsa.

Secinajumi

1. Véra augSanas apstaklu tipa morénu paugu-
raines augsnés sarkanais ozols veido razigas audzes,
kuru galvenaja audze 59-67 gadu vecuma tas sasniedz
440-585 m*® ha'' lielu kraju un 29-32 cm lielu caurméru.
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Tas apstiprina Latvijas klimatisko apstaklu piemérotibu
sarkana ozola audzésanai.

2. Lielabiezuma audzgs (735-1174 koki ha') sarka-
nais ozols zaudg zalo vainagu, kas izraisa caurméra un
krajas pieauguma stagnaciju, ka arT idenszaru veidoSanos.

3. Vienada vecuma sarkana ozola audzgs lielaks
koku skaits platiba paliclina audzes $kérslaukumu un
kraju, bet samazina koka vid€jo caurmeru un stumbra
tilpumu.
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9. tabula / Table 9

Sarkani ozola audZu raziba Skédes meZu novada
Productivity of red oak stands in Skede forest district

Kvartals, Vecums / Koki / G, M, Vv, D, H,,
nogabals / Age Trees, m”ha’! m’ha! m’ cm m
Compartment No. ha'!

18-1 43 940 22.6 227.0 0.33 20.5 21.2
18-1 43 1174 27.2 264.9 0.31 20.0 20.4
19-1 45 832 21.4 206.9 0.36 21.8 20.1
19-1 45 1034 26.2 251.0 0.31 20.1 20.0
3-17 59 735 39.2 440.6 0.74 29.0 23.8
14-21 67 784 493 584.9 0.97 31.7 25.3
14-21 67 912 41.0 504.9 0.80 28.7 26.7

Apzim&jumi / Notations: skat. iepriek$¢jas tabulas / see previous tables

4. Kuvalitativu sortimentu izaudz&Sanai ieteicama
savlaicTga koku skaita samazinasana audzg, papildus
augSanas telpas nodrosinasana mérka kokiem un to
atzaroSana.
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Formation of Optimal Thermoenvironment
in Cubicles of Cold Cowshed
Optimala temperatiiras rezZzima nodroSinasana,
govis turot nesiltinata kit
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Department of Heat and Biotechnology Engineering, Faculty of Agriculture Engineering,
Lithuanian University of Agriculture, e-mail: rolandas.bleizgys@]lzuu.It
Siltuma un biotehnologijas katedra, Lauksaimniecibas mehanizacijas fakultate,
Lictuvas Lauksaimniecibas universitate, e-pasts: rolandas.bleizgys@lzuu.lt

Abstract. Assurance of a warm and convenient animal lair is particularly important in cold cowsheds. This is the
most important aspect in the environment of the cow, the underestimation of which results in disorders of normal
activity of the cow’s organism. Investigations show that changing the temperature in cold housing cowshed from
-9.4 °C to 11.6 °C, the air inside the cowshed gets by 4.3 °C warmer and by 4.2% drier than the air outside the
cowshed, while the microclimate has no negative influence on animal productivity. It is established that cows’ rest
in cubicles is too short. In the cubicle with a rubber rug, cows lie for 8.7 hours per day, in the cubicle with straw
bedding — 7.5 hours per day. In order to create better conditions for cows’ rest in the experimental cowshed, the
insulation of cattle lair by increasing the straw layer from 2 cm to more than 10 cm is recommended.

Key words: temperature, cubicle, cold cowshed.

Introduction

Microclimate in the cowshed is one of the most
important factors that influence animal productivity.
Optimal feeding does not ensure healthy and highly
productive animals of the best breeds if microclimatic
conditions in the cowshed are unfavorable. Productiv-
ity of the cows that are kept in warm and humid cow-
sheds decreases by 17-18% (Burmeister, 1988;
[Tsmrenxko, Xoxioa, 1976). Having increased ventila-
tion intensity in the cowshed and decreased tempera-
ture to -5 °C, the air is drier and cleaner and animals feel
significantly better. At the same time their resistance
to diseases increases and more natural conditions are
created (Johannesson, 2000). When air temperature
inside the cowshed subsides below -10 °C, a bigger
amount of fodder is used, however, but it is better used
by the animal’s organism. In the case of a dry and
draught-free cowshed and a warm, clean and comfort-
able lair, the cows can survive very low temperatures
(Keck, Zéhner, 2004). In comparison with other ani-
mals, cattle is less sensitive to low temperatures as
constant impact of cold strengthens them, improves
thermoinsulation characteristics of tissues, i.e. the fur
becomes thicker and accumulation of adipose tissue in
hypodermic-grease part intensifies. However, the dan-
ger of negative impact remains, especially, if the animal
lies on a cold floor. If the temperature of animal’s body
falls one degree below the critical temperature, the me-
tabolism intensifies by 2-3%, fodder consumption in-
creases by 15-30%, but productivity decreases by 10-
20% (Irsmenko, Xoxiosa, 1976).

In Lithuania, cows have been kept in cold cow-
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sheds of light constructions since 1998. Construction
of such cowsheds requires significantly less building
materials, therefore, investments and cost of produc-
tion decrease. Assurance of dry, warm and clean ani-
mal lair is particularly important in these cowsheds.
This is the most important aspect in the environment
of the cow, the underestimation of which results in
disorders of normal activity of a cow’s organism. Ener-
getic balance of the animal changes, energy losses to
the environment increase significantly. At low tempera-
tures of air the heat exchange in the animal’s organism
intensifies because of quicker metabolism. This requires
additional source of energy, which can be received to-
gether with fodder. When temperature of the environ-
ment is 20 °C, a cow of an average mass (600 kg) and
average productivity (5000 1 of milk per year) exudes
0.86-0.97 kWh of heat. A total of 8-9 fodder units have
to be used to produce the mentioned amount of heat.
In order to decrease fodder consumption and increase
its utility coefficient, an optimal temperature regime in
the place of cows’ rest — cubicle — has to be created
(ITnstmenko, Xoxiosa, 1976). Therefore, the floor of the
cubicle is covered with rubber rugs, mattresses, sand,
straw, etc. Their thermoinsulation characteristics are
of primary importance. Sudden and short-term tempera-
ture fluctuations have the strongest negative impact
on cows (highly productive cows in particular). They
often cause various cow diseases. Disturbance of nor-
mal functions of animal’s organism under the influence
of temperature fluctuations is one of the main reasons
that cause various cow diseases. Therefore, mainte-
nance of optimal air temperature in animal lairs, assur-

LLU Raksti 17 (312), 2006; 88-93



R. Bleizgys et al. Formation of Optimal Thermoenvironment in Cubicles of Cold Cowshed

ance of optimal welfare and comfort are of significant
importance (Wandel, 1998).

The problem of decreasing the negative impact of
low temperatures inside the cowshed on the animal’s
organism arises. Analysis of numerous researches, car-
ried out by foreign scientists (Stolpe, 1985; bapordu,
1988; Wandel, Jungbluth, 1997; Eichhorn, 1999; Rorbech,
2001), has revealed several ways to solve this problem:

— fodder norms should be increased;

— animals should be hardened by taking them for

a walk outside in winter;

— conditions for an optimal temperature regime in

the animal lair should be created.

The latter method has been analyzed and investi-
gated in a new cold housing cowshed under climatic
conditions of Lithuania.

The object of investigations: a place for animal’s
rest — a cubicle in a cold cowshed.

The aim of investigations: analysis of the change
of thermal parameters in cubicles of cold cowshed and
provision of measures for their improvement.

Materials and Methods

The investigations were carried out in a cowshed
of'a cold cubicle type for 200 cows. The lower part of
the cowshed wall was made of concrete blocks. The
upper part of the wall was made of single boards with
2.0 cm cracks for the fresh air from outside. The roof
was covered with slate; standard blocks were used to
join the constructions of the cowshed. Average coeffi-
cient of wall and roof heat transmission —4.9 W m2K-'.
Length of a cowshed — 72 m, width — 21 m. Fresh air got
into the cowshed through cracks between the wall’s
boards, the polluted air was removed through the ridge
crack of 0.6 m. Total area of air inlet cracks — 17 m?, of
outlet crack —43 m?. Cows were kept in a loose housing
system, in cubicles. All cubicles, except four, were lit-

tered with straw. These four cubicles were covered with
special rubber rugs. Different cubicles of two types —
littered with straw and covered with rubber rugs — were
chosen for the investigations. Thickness of the rubber
rug was 3 cm, thickness of straw cover —2 cm. Param-
eters of the cubicles, used for experimental investiga-
tions, were as follows: length —2.20 m; width—1.24 m;
height above the manure path —0.20 m.

The investigations were aimed at establishing the
following:

— temperature of cubicle floor under the 2 cm straw
layer and under the 3 cm rubber rug;

— air temperature inside and outside the cowshed,
relative humidity.

The following modern devices were used for the
investigations: computer-controlled device “Almemo,
Drager Pac III”. Temperature and moisture sensor
TRACER was for corresponding intervals of measure-
ment. Limits of the cubicle’s floor temperature meas-
urement were from -10 °C to +30 °C, and limits of the
outside air temperature and relative humidity measure-
ment were from -20 °C to +60°C and from 0% to 100%.
In the course of the investigations, the floor tempera-
ture was registered every 5 min, the air temperature
inside the cowshed and relative humidity were meas-
ured at a 2 m height above the floor every 1 hour, out-
side air temperature and relative humidity on the north
side of the cowshed were measured every 1 hour. The
scheme of sensors’ distribution in the cubicle is pre-
sented in Figure 1. Sensors’ readings were registered
for 118 days without interruption. The investigations
were carried out during the cold period 0of 2002-2003.

According to the change of temperature in the cu-
bicle floor, it was determined how much time per day a
cow spends therein. The most intensive increase of
temperature is when a cow is lying down; an intensive
decrease of temperature is when a cow gets up. When

-~

4

1]

Fig. 1. Cross-section of the cubicle in experimental cowshed: 1 — temperature sensors in the floor of the
cubicle; 2 — cubicle covered with rubber rug; 3 — cubicle with straw litter; 4 — temperature-moisture sensor
above the cubicle.
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a cow is lying down, the increase of temperature is
recorded by sensors according to parameter T, which
depends on thermal characteristics of the flooring.
When a cow gets up, the decrease of temperature is
recorded by sensors according to parameter T, Pro-
vided that thermal conditions of flooring do not change
when a cow is lying down on it, T, _T,, and thermal
characteristics of flooring are not estimated when de-
fining the intervals of temperature increase and de-

crease (the duration of cow’s lying down).

Results and Discussion

A cubicle is a very important place, where an ani-
mal can get maximal rest without experiencing any trau-
mas or stresses. Various floorings and litter have the
strongest influence on the comfort of the cubicle. The
cubicle that meets the main requirements, should be
clean, dry, soft, warm (not heat conductive), and com-
fortable. In a warm cubicle cows feel safe and the risk
of disease decreases.

During the investigations, average daily tempera-
ture of the air inside the cowshed varied from -9.4 °C to
11.6 °C, relative humidity — from 67.4% to 95.2%, out-
side air temperature — from -15.2 °C to 8.3 °C (Fig. 2). In
the period of the investigations, average air tempera-
ture in the cowshed was 3.7 °C, relative humidity —

81.4%, outside air temperature—  -0.6 °C, and relative
humidity — 85.6 %. No condensate of water steam on
building constructions of the cowshed was observed,
the ventilation intensity was sufficient. The micro-
climate had no negative impact on animal productivity.
Average milk yield was 5700 kg per cow per year.

The determination of how much time per day a cow
rests was based on the change of temperature in the
cubicle’s floor (Fig. 3). The temperature fluctuations in
the floor of the cubicle were grouped and used in pre-
liminary determination of the course of milking and feed-
ing technologies as well as to evaluate duration of
cows’ rest in cubicles with different floorings (rug,
straw) and comfort. A detailed analysis of floor tem-
peratures was carried out at various average day tem-
peratures of the air inside the cowshed: -9.37°C, -7.25 °C,
-5.54°C,-4.25°C,-3.45°C,-1.84°C,+0.1°C, +1.5 °C,
+1.64°C,+2.56°C, +3.78°C, +4.21 °C, +5.04 °C, +6.5 °C,
+7.33°C, +8.4°C,+8.9 °C, and +10.2 °C. These tempera-
tures were chosen for more comprehensive generaliza-
tion of temperature changes in the floor of the cubicle.

According to the opinion of Danish scientists
(Johannesson, 2000), at 2 a.m. most of the cows, i.c.
about 90%, rest if the lair is comfortable. This tendency
was also observed in the experimental cowshed where
the investigations were carried out. In the morning (at
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Fig. 2. The change of inside and ambient air parameters.
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Fig. 3. The change of temperature in the cowshed and under flooring in the cubicle per day (the average of

cowshed air temperature is -9.4 °C).

(Jungbluth et al., 2005). The longer a cow lies, the higher

8 a.m.) when fodder was brought in cows did not hurry
to eat. This led to the conclusion that they were full

and had received sufficient feeding. At the time of milk-

productivity can be expected. Productivity increase is

related to a longer period of rumination and flowing of
blood to udder. During the investigations in the experi-

ing in the morning (at 3.30 a.m.) and in the afternoon (at

mental cowshed, it was established that at inside air
change from -9.4 °C to 10.2 °C, cows rested in the cubi-

3.30 p.m.), all cows got up from their lairs and went to

the milking room.

cle with rubber rug for 6.1-10.2 hours per day, and in

For up to 50-60% of time per day cattle should lie
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the cubicle with straw litter — for 5.8-9.2 hours per day.
Average duration of lying on rubber rug per day was
8.7 hours, on straw — 7.5 hours (Fig. 4). No depend-
ency of the duration of cow lying on the air tempera-
ture was determined. Nevertheless, it was noticed that
in case of air temperature fall below zero inside the
cowshed, cows’ rest time in cubicles was shorter. This
was most noticeable in the cubicle with straw litter.
Scientists have established that only in comfortable
cubicles cows lie approximately for 11.0 hours per day
(Nilsson, 1988). If the duration of lying increases up to
11.5 hours, the time spent by a cow at feeding-rack
prolongs from 5.08 to 5.54 hours. This proves that the
cows that have better rest also have increased feeding
activity and productivity. Therefore conveniently
equipped cubicles are very important.

Average duration of the period of cow lying in the
cubicle was established. In the cubicle with rubber rug
a cow lies on average for 2.2 hours, in the cubicle with
straw litter — for 1.9 hours. This allows concluding that
cows prefer the cubicle with a rubber rug, as it is softer
and warmer than the straw layer of 2 cm.

Analysis of the experience of foreign countries and
generalization of experimental data suggests that im-
provement of cubicles enables to increase cows’ pro-
ductivity in the experimental cowshed. Good charac-
teristics of cubicle’s floor thermoinsulation are of pri-
mary importance. If the floor is comfortable and warm,
animals will spend more time lying there. Proper selec-
tion of cubicle flooring is very important. Despite the
positive properties of straw litter, interest in other types
of cubicle flooring has increased in recent years be-
cause of the reduction of labor expenditure for straw
preparation and storage. Therefore, use of straw for
litter has decreased because of the high costs of straw
preparation, processing, and storage. Farmers often
decrease the amount of straw in cubicles for the pur-
pose of better results and lower costs. It is useful from
economical point of view; however, due to big heat
losses through the floor the temperature of animal body
may decrease by several degrees. This is the problem
that should be considered.

On the 50th day after coupling, a standing cow
which weighs 700 kg and yields 20 kg of milk per day,
releases the free heat flow to the environment of the
density of 215 W m?(Sallvik, 1998), when the ambient
temperature is -9.4 °C. After a cow has lain down, its
contact area with ambient air decreases, heat release
by convection and radiation decrease, but heat release
through floor by conductivity occurs. The release of
free heat does not increase and a cow avoids stress,
unless heat flow through floor is bigger than 215 W m™
after the animal has lain down. In the theoretical analy-
sis of thermal characteristics of floorings the following
conditions are assumed: heat exchange between a cow
and environment is constant, and the temperature of a
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cow body surface (skin) is 36 °C. Average minimal tem-
perature under the flooring is 5.6 °C (this temperature
was determined during the experiment). Using the meth-
odology suggested by Ludo Van Caenegem (Cae-
negem, Wechsler, 2000), following calculation results
were obtained: density of heat flow through a 10 cm
concrete layer is 547 W m?, through a 2 cm straw layer
—456 W m?, whereas through rubber rug — 95 W m™.
The heat flow through the floor does not exceed
215 W m?, if the straw layer is thicker than 4.5 cm.
Therefore it is not enough to spread a straw layer of
2 cm in the cubicle as the heat flow through the floor
becomes very big, i.e. after a cow has lain down, the
release of free heat increases. This is one of the rea-
sons why a cow lies too shortly in such a cubicle. To
reach the warmth of the cubicle floor equal to that of a
rubber rug, a sand layer of 17 cm or a straw layer of
9.6 cm should be spread. Therefore in the experimental
cowshed the layer of straw on the floor should not be
less than 10 cm (after a cow has lain down, the thick-
ness of the layer decreases to 3.4-4 cm).

Conclusions
1. The following behavior of animals in the cubi-

cles of cold cowshed has been established on the ba-

sis of temperature changes in the floor:

— cows’ staying in the cubicles is too short. In the
cubicle with rubber rug a cow rests on average for
8.7 hours per day, in the cubicle with straw layer of
2 cm — for 7.5 hours. On average a cow should lie
for 12 hours per day;

— inthe cubicle with rubber rug the average duration
of a cow’s lying is 2.2 hours, while in the cubicle
with straw litter — 1.9 hours. A cow gets up too
often, which allows concluding that the cubicle is
not convenient.

2. The straw layer of 2 cm is too thin for the cubicle
as release of free heat increases when a cow is lying down.
The release of heat to the environment does not increase
if the thickness of straw layer is more than 4.5 cm. To
decrease the animal energy losses through the floor and
to reach the warmth of floor equal to that of a rubber rug,
the straw bedding of at least 10 cm is required.

3. Inthe cold cowshed, at air temperature fluctua-
tions from -9.4 °C to 11.6 °C, relative humidity varies
from 67.4% to 95.2%. In the cowshed, the air is on
average by 4.3 °C warmer and by 4.2% drier than the
outside air. Ventilation intensity is sufficient in the cow-
shed. Microclimate has no negative impact on animal
productivity.
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Anotacija

Lictuva, tapat ka citas valstis, paplasinas govju turéSana nesiltinatas (aukstas) vieglas konstrukcijas kiitTs,
kuras Tpasa nozime ir siltai un tirai dzivnieku gulvietai. Tas ir pats nozimigakais aspekts, runajot par vidi, kura tiek
turétas govis, jo $1 faktora neievérosana izraisa govs organisma normalas darbibas traucjumus. Ka liecina maisu
pétijumi, nesiltinata govju kiiti, ja iek§€jas temperatiiras izmainas ir no -9.4 lidz 11.6°C, ickstelpu gaiss ir par 4.3°C
siltaks un par 4.2% sausaks neka kiits arpusé, turklat $adam mikroklimatam nav negativa ietekme uz dzivnieku
produktivitati. Pamatojoties uz boksu gridas temperatiiras izmainu pétijumiem, noteikts, ka govim labak patik
boksi ar gumijas paklajiem, neka ar 2 cm biezu salmu pakaisu kartu. Tomér govju guléSanas ilgums abu veidu
boksos ir parak mazs. Boksos ar gumijas paklaju govis gul vid&ji 8.7 h diennakti, bet boksos ar salmu pakaiSiem
— 7.5 hdiennakti, lai gan tam baitu jagul 12 h diennakti. Lai nodrosinatu labaku govju atpttas mikrovidi, iesakam
palielinat salmu pakaisu slani gulvietas no 2 uz 10 cm un vairak.
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