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M. Pilmane et al. Ar akiito ketozi slimojosu liellopu gremosanas trakta morfofunkcionalais raksturojums

Ar akiito ketozi slimojoSu liellopu gremoS$anas trakta
morfofunkcionalais raksturojums
Morphofunctional Characterization of the
Digestive Tract of Cattle with Acute Ketosis

Mara Pilmane, Anastasija Suhova, Jurijs Nazarovs
Anatomijas un antropologijas institats, Rigas Stradina Universitate,
e-pasts: pilmane@latnet.lv
Institute of Anatomy and Anthropology, Riga Stradins University,
e-mail: pilmane@latnet.lv
Inese Zitare, Aleksandrs Jemeljanovs
LLU Zinatnes centrs “Sigra”, e-pasts: sigra@lis.lv
Research Centre “Sigra”, LLU, e-mail: sigra@lis.lv

Abstract. The clinical investigations were carried out on 42 3rd and 4th lactation dairy cattle in wintering period.
Ketosis was loboratory affirmed on 8 cows. Different organs of digestive tract were examined after animals’
compulsory slaughtering. The results showed the main changes in animal’s forestomach (saccus caecus ventralis
region on rumen), abomasum, and small intestine (ileum). The animals with acute ketosis possessed atrophic
changes in the ruminal villi. The regional inflammation and parakeratosis correlated to the decrease of
morphofunctional activity in this part of the digestive tract. The small intestine villi displayed atrophic changes.
Massive conglomerates of inflammatory cells in some cases were seen among squamous cells. All these findings
indicated disturbed absorbtion processes in the digestive tract of cattle with acute ketosis. Essential changes
were found in the cattle digestive tract innervation. The neuropeptide-containing innervation was week, scarse
and inqualitative within all digestive tract of cows with acute ketosis.

Key words: structure, neuropeptides, digestive tract, ketosis, cattle.

Ievads

Latvijas zemnieku saimniecibas govim, 1pasi
augstrazigam, kuram ir spraiga vielu maina, biezi vien
nav nodrosinati optimali €dinasanas un turéSanas
apstakli (Pilmane u.c., 2001). Tadg] joprojam aktuali ir
vielu mainas trauc€jumi, starp kuriem ketoze ienem vienu
no pirmajam vietam citu slimibu vidd un parasti
verojama laktacijas pirmajos ménesos (Rasmussen et
al., 1999; Rukkwamsuk et al., 2000; Fleisher et al., 2001).

Ketozi raksturo izteikti trauc€jumi intermediaraja
vielu maina (Smith et al., 1997; Ciaramella and Oliva,
1998; Zucca and Ferro, 2000), kas saistiti ar ketonvielu
pastiprinatu veidoSanos un izdali§anos no organisma.

Liellopu ketozu izpétei, arstéSanai un profilaksei
svarigi noskaidrot mikroskopiskas izmainas dzivnieka
organisma (Pilmane u.c., 2001; Pilmane et al., 2002).
Literattra visvairak pétisanai min tadas histologiskas
metodes ka gaismas mikroskopiju un elektron-
mikroskopiju. Visraksturigakas parmainas gan akitas,
gan hroniskas ketozes stadijas atrodamas iekS$gjos
organos: aknas skar aknu taukaina infiltracija un/vai
taukaina degeneracija (Rimeicans, Briveris, 1999),
degenerativas parmainas atrod arT sirdi, niergs, olnicas.
Hroniskos gadijumos konstat€jama pat atrofija,
pieméram, vairogdziedzera atrofija.

GremosSanas trakta ketozu gadijumos kliniski
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konstat&ta izteikta priekskunga atonija (Andrews, 1998;
Burgstaller, 1998). Organa atrodamas sausas baribas
masas. Glumenieka un tievajas, resnajas zarnas veérojams
neliels glotadas pietikums un asinsvadu pilnasiniba.
Nereti zarnas atrodams subakiits katarals iekaisums.
P&c parslimosanas gremosanas trakta izteikti redzamas
parmainas nav konstat€jamas. Citi literatiiras avoti (Jilg
etal., 1997) min, ka govis ar akitam vielu mainas slimibam
tomer likvid&jamas izteikto degenerativo parmainu de|
iek§€jos organos, jo turpmak nav izmantojamas ka
produktivas. Mingtas pretrunas dé] miisu darba mérkis
bija noskaidrot dazadu gremoSanas trakta dalu
morfofunkcionalo stavokli ar akiitu ketozi slimojosiem
liellopiem.

Materials un metodes

2001. gada dazados republikas rajonos kiits
turéSanas perioda beigas p&c atneSanas klmniski tika
izmekleti 42 liellopi — 3., 4. laktacijas govis. Ketozes
diagnozi apstiprinajam laboratoriski, nosakot asinis
ketonvielu Itmeni. P&c piespiedu likvidacijas 8 govim
tika nemti spurekla sienas (saccus caecus ventralis),
tievo zarnu beigu dalas (ileum), resno zarnu (colon)
audu paraugi histokimiskiem un imunohistokimiskiem
izmekl&jumiem. Paraugus diennakti fiks€ja maisijuma,
kas sastav&ja no 2% formaldehida un 0.2% pikrinskabes
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0.1 M fosfatbuferi (pH 7.2). P&c tam audu gabalinus 12
h skaloja tiroidbuferT, kura bija 10% saharozes, ieguldija
parafina un mikrotoma sagrieza 8 wm biezos slanos.
Griezumus gatavoja, lai ar biotina un streptavidina
imiinhistokimisko metodi noteiktu proteingéna peptidu
9.5 (PGP 9.5, darba atskaidijums 1:1600), neirofilamentus
(NF, darba atskaidijums 1:160, Euro-Diagnostika,
Danija), mieltnu (M, darba atskaidijums 1:50, Euro-
Diagnostika, Danija), somatostatinu (SOM, darba
atSkaidijums 1:50, Furo-Diagnostika, Danija),
izmantojot Hsu et al. (1981) imtnhistokimijas metodi.
Audu gabalini tika nemti arT rutinai parskata gaismas
mikroskopijai. Sim noliikam audus fiksgja 12% formalina,
ieguldija parafina un sagrieza 8 um biezos griezumos,
ko krasoja ar hematoksilinu un eozinu, bet izskatija Zeisa
mikroskopa.

Rezultati

19 % gadijumos govim pé&catneSanas perioda
konstatgjam ketozi. Ketonvielu [Tmenis asinis slimajiem
dzivniekiem grupa vidé&ji bija 12.5+0.43 mg%.

Parskata griezumos tikai viena gadijuma 3 gadus
vecai govij visu pétito organu struktiira atbilda relativai
normai. Piecam dazadas laktacijas govim redzgjam
izteiktu priekSkungu glotadas atrofiju — barkstinas vai
nu nebija, vai dazkart bija atrodamas nelielu pauguru
veida (1.a att.). Vienlaicigi atseviskas vietas konstatgjam
dazadi izteiktu parakeratotiska epit€lija bazalo Stnu
hiperplaziju (1.b att.). Pereklveida iekaisuma $iinu
infiltraciju parstaveja neitrofilie leikociti, limfociti un reti
makrofagi. Vietumis atradam starpmuskulu ganglijstinu
vakuolizaciju.

Parmainas tievaja zarna septiniem liellopiem bija
relativi 11dzigas. Barkstinas raksturoja izteikta
morfofunkcionala daudzveidiba — tas bija tievas, garas,
dzili iesniedzas zarnas lumena. Biezi barkstinas sapliida,
veidojot konglomeratus. Vienlaikus novérojam masivu
epitelijstnu atlobiSanos lumena. Tievo zarnu sieninu,
pasi glotadu, infiltréja bagatigs daudzums iekaisuma
§tinu (1.c att.). Interesanti, ka vietas, kur ickaisuma $tinu
konglomeratu bija visvairak un veidojas pat limfatiskie
mezglini, zemglotadas nervu pinuma gangliji novietojas
tuvu virsmas epitélijam. Zemglotadas nervu gangliju
Stnas butiskas struktiiras parmainas neuzradija, bet
starpmuskulu ganglijos nereti konstatgjam kodolu
vakuolizaciju (1.d att.). Iekaisuma §linas parstavéja
limfociti, neitrofilie un eozinofilie leikociti, makrofagi
un plazmociti (2.a att.).

Resnas zarnas sieninas glotada izteikta bija
ickaisuma reakcija, bet zemglotadu pildija sekundaro
mezglinu konglomerati (2.b att.).

Kopuma péc inervacijas tipa atradam 5 vaji inervétus
priek§kungus. Fragmentaru un vajas intensitates
neirofilamentu un mielina krasojumu konstatéjam $o
priek8kungu nervskiedras. Viena gadijuma abu nervu
struktiiru markieru daudzums priek$kungi bija vidgjs,

bet divos gadijumos konstatéjam hiperinervaciju.
Intensivi, lai gan fragmentari, ar NF un M iezimétas
nervskiedras atradam starpmuskulu nervu pinuma.
Somatostatinu saturo$os nervu elementus prieks-
kungos nekonstatgjam.

Zarnu sieninu nervskiedras bija maz vai vid&ji daudz
NF un M saturosas nervskiedras (2.c att.). Gangliju
§tnas neuzradija nevienu izmantoto antivielu imiin-
reaktivitati. SOM saturoSas Stnas atradam neliela
skaita, galvenokart tievo zarnu virsmas epitélija, rajonos,
kur bija izteikta ickaisuma $tinu infiltracija (2.d att.).

Statistiskos §tnu aprékinos konstatéjam $adas
tendences: vidéjam limfocttu skaitam redzes lauka bija
tendence palielinaties virziena no priek$kunga glotadas
uz resno zarnu. Lidziga tendence bija arT makrofagiem,
eozinofilajiem leikocitiem un plazmocitiem, kamér
neitrofilo leikocitu visvairak bija priekskungi, un
samazinasanas tendence $§Tm §inam bija vérojama
tievajas zarnas un resnajas zarnas (1. tabula un 3. attgls).

Diskusija

Galvenas parmainas miisu pétitajiem dzivniekiem
skara priekSkungi (saccus caecus ventralis rajona) un
tievo zarnu. Priek$kungi vérojam atrofiju, ko raksturoja
barkstinu reducésanas, parakeratotisks epitélijs un
percklveida ickaisuma aina, noradot uz morfo-
funkcionalas aktivitates samazinasanos skartaja vieta.
Mingtas parmainas, Skiet, uzskatamas par diezgan
konstantam liellopiem ar vielu mainas slimibam un
paradas ne tikai ketozes gadijuma (Pilmane et al., 2000).
Interesanti, ka nozime ir pasam parmainam struktiira,
nevis priekskunga rajonam, kas tiek skarts. Grinvuds
(Greenwood et al., 1997) min, ka, piem&ram, keratozes
palielinasanas tad arT norada uz metabolas aktivitates
samazinasanos konkréta vieta. Joprojam diskutabls ir
jautajums, kas izraisa priek$kunga parmainas; dazadu
faktoru starpa ka galvenais tiek miné&ta rupja,
nesabalanséta bariba (Jubb et al., 1985; Trailinek, 2000).
Autori norada, ka $tinu hiperplazija un hiperkeratoze
neparadas, ja rupjas baribas dala deva ir ne vairak ka
15%. Tadejadi iesp&jams, ka miisu pétitajiem
dzivniekiem priekskunga parmainu izraisitajfaktoru vida
aktuala ir gan slimiba (ketoze), gan arT nesabalans&ta
bariba. Savukart par vl saglabato epitélija regeneraciju
liecina peréklveida bazalo §tinu hiperplazija.

Tievas zarnas barkstinu daudzveidiba (atrofiskas,
izteikti garas, konglomerati, masiva $tinu atslanosanas),
misuprat, norada uz traucétiem absorbcijas procesiem
praktiski visiem ar ketozi slimojo$iem dzivniekiem.
Vesela dzivnieka tievo zarnu barkstinu garums varié
atbilsto$i sugai, vecumam, zarnu mikroflorai un
imiinajam statusam (Lipkin, 1981; Kilshaw and Slade,
1982). Saslims$ana un imtina satusa parmainas, uz ko
norada pastiprinata iekaisuma $tinu infiltracija, varétu
biit parmainu iemesls miisu pétitajiem dzivniekiem, kaut
gan izsledzami nav arT citi faktori. Interesanti, ka tadiem

LLU Raksti 10 (305), 2004; 1-7



M. Pilmane et al. Ar akiito ketozi slimojosu liellopu gremosanas trakta morfofunkcionalais raksturojums

1. att. Ar ketozi slimojosu liellopu spurekla (a-b) un tievo zarnu (c-d) gaismas mikrofotografijas.
Hematoksilins un eozins:a) spurckla glotada ar parakeratotisku epitéliju un glotadas pauguriem barkstinu vieta
(X 160); b) bultinas norada parakeratotiska epitélija bazalo $tinu percklveida hiperplaziju (X 250);

¢) ar ieckaisuma §tinam izteikti infiltrétas tievo zarnu barkstinas veido sapliidusu konglomeratu (bultinas)
(X250); d) bultinas norada starpmuskulu gangliju kodolu vakuolizaciju (X 250).
Fig. 1. Light micrographs of rumen (a - b) and small intestine (c -d) of cattle with acute form ketosis.
Haematoxylin and eosin: a) rumen mucosa with parakeratotic epithelium and buds of mucosa instead of
villi (X 160); b) hyperplasia of basal cells in parakeratotic epithelium (arrows) (X 250);
¢) intensively expressed inflammatory cells form amalgamated conglomerates (arrows) in small intestine
villi (X 250); d) vacuolisation in intramuscular ganglion of muscles (X 250).

LLU Raksti 10 (305), 2004; 1-7 3
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1. tabula/Table 1

Vidgjais iekaisuma §iinu skaits redzes lauka liellopu priek§kungos,
tievajas un resnajas zarnas
Average count of inflammatory cells in the field of vision in
walls of cattle forstomach, small and large intestines

Limfociti Neitrofilie Makrofagi Eozinofilie Plazmoctti
Lymphocytes leikoctti Macrophages leikoctti Plasma cells
Neutrophil Eosinophil
leukocytes leukocytes
Priekskungis 35.0£11.52 21.6+6.29 13.0+5.53 4.0+2.41 8.8+3.0
Forestomach
Tievas zarnas 54.8+£15.39 12.4+£5.93 22.6+9.96 14.8+4.92 4.5244.52
Small intestine
Resnas zarnas 59.249.86 4.4+2.16 27.8+11.89 16.2+7.49 9.8+4.37
Large intestine

visédajiem ka sivéniem, mainot baribas veidu, noverota
tievo zarnu barkstinu garuma samazinasanas, ka ar1
$tinu funkcionala tipa nomaina (Hampson and Kidder,
1986).

Butiskas gremosSanas trakta bija inervacijas
parmainas — tas samazinasanas, ka ar nervu elementu
fragmentarais un vajais krasojums ar mielinu un
neirofilamentiem, kas noradija uz nervu struktiiru
kvalitates samazinasanos. Lidzigas parmainas bijam jau
konstatgjusi ieprieks€jos petijumos (Pilmane et al., 2000).
Tomer interesanta ir ganglija $iinu “augSupvirziba”,
tuvak izteikta ickaisuma skartam tievo zarnu barkstinam.
Iekaisuma mediatoru ietekme uz nervu struktiiram ir jau
pieradita (Holzer, 1988), bet miisu p&tamajiem
dzivniekiem iepriek§minéta atradne, miisuprat, norada
uz imiinds un neiroendokrinas sistémas saistibu. To
pamato izteikta plazmocttu un limfocttu atradne un fakts,
ka somatostatinu saturo$as $tinas (peptidam zinama
pretiekaisuma darbiba) tika atrastas virsmas epitélija
vietas, kur tuvu glotadai novietojas zemglotadas
gangliju $iinas.

Kopuma iekaisuma $iinu analize paradija, ka

neitrofilo leikocTtu skaits samazinas audos virziena no
priekskungiem uz resno zarnu, bet eozinofilo leikocitu,
limfocTtu un makrofagu skaitam mingtaja virziena ir
tendence palielinaties. Izteikts neitrofilo leikocitu
daudzums spurekla glotada tika aprakstits jau agrak
veiktajos pettjumos (Pilmane et al., 2002) un acimredzot
saistams ar baribas sastavu un vieglo audu trauma-
tizacijas iesp&ju. Savukart tievo zarnu Stinu infiltracijas
sastava maina liecina par izteiktu antigéno stimulaciju.
Tas atbilst Movata un Fergusona (Mowat and
Ferguson, 1981) uzskatam par to, ka tiesi tievo zarnu
antigéna stimulacija veicina iekaisuma infiltraciju reize
ar $tinu proliferaciju un kopuma norada uz tievo zarnu
$tinu reguléto hipersensitivitati.

Secinajumi

Ar akiitu ketozi slimojosu govju gremos$anas trakta
izteiktas morfofunkcionalas parmainas atrodamas
priekskungi (forestomach), kungi (abomasum), tievaja
zarna (ileum). PriekS§kungi parskata griezumos tika
atrasta izteikta glotadas atrofija (bez barkstinam vai tikai
to iezimes paugurinu veida), atseviskas vietas —

2. att. Ar ketozi slimojosu liellopu tievas zarnas (a), resnas zarnas (b) (hematoksilins un eozins)
un tievo zarnu biotina-streptavidina imtinhistokimijas (c - mielina; d - somatostatina) mikrofotografijas:

a) bultinas norada tievas zarnas glotadu, kas bagatigi infiltréta ar eozinofilajiem leikocitiem,
plazmocitiem, limfocitiem. Kriptas redzami intraepitelialie limfociti (X 250); b) resnas zarnas glotadas
infiltracija un limfatiskie mezglini (Im) zemglotada (X 160); c¢) bultinas norada smalkas mieltnu saturoSas
nervskiedras starpmuskulu nervu pinuma (X 150); d) bultinas norada somatostatinu saturoSo
$tnu neiroepitelialo kermeniti virsmas epitelija (X 250).

Fig. 2. Light micrographs on ketosis disordered cattle small intestine (a), large intestine (b) (stained with
haematoxylin and eosin) and small intestine (biotin-streptavidin immunohistochemistry: ¢ — myelin stained,
d — somatostatin): a) richly infiltrated small intestine mucosa with eosinophil leukocytes, plasma cells, and
lymphocytes (arrows). The intraepithelial lymphocytes are seen in crypt (X 250);

b) infiltration of large intestine mucosa and lymphoid nodules in submucosa (X 160);
¢) thin myelin-containing nerve fibres (arrows) in intramuscular nerve plexus (X 150);
d) somastotatin-containing neiroepithelial body (arrows) in epithelium of surface (X 250).

LLU Raksti 10 (305), 2004; 1-7
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3. att. Vidgjais §tnu skaits priek$8kunga, tievas un resnas zarnas glotada.
Fig. 3. Average count of inflammatory cells in mucosa of the cattle forestomach,
small and large intestines.

parakeratotiska epitélija bazalo stinu hiperplazija, citas
— pereklveida iekaisuma $tinu infiltracija. Parmainas
tievaja zarna raksturojas ar barkstinu morfofunkcionalu
daudzveidibu, barkstinu sapliisanu, veidojot konglo-
meratus, vietam — masivu epitélij§tinu atlobiSanos
lumena. Glotada bija bagatigs daudzums ickaisuma
Stnu.

Resnas zarnas sieninas glotada izteikta ari bija
ickaisuma reakcija.

Ar ketozi slimu dzivnieku spurekliem raksturiga
vairaku tipu inervacija (normala, vaja, hiperinervacija).
Konstatéts tika arT neiropeptidu truokums nervu
elementos.
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Morphofunctional Characteristics of Glial Cells in
the Cattle Central Nervous System
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Abstract. Astrocytes belong to the glial cells and provide many functions in brain tissues including transport of
liquid and ions, development of barrier structures, proliferation in injury, phagocytosis. Astrogliosis with following
destruction of glial cells is one of morphological phenomena observed in neurodegenerative brain disease like
bovine spongioform encephalopathy (BSE). Thus, the aim of this study was detection of qualitative and quantitative
changes in cattle brain glial astrocytes in screening animals for BSE in Latvia by use of immunohistochemistry
(glial acidic fibrillar protein, GAFP, working dilution 1:100, DAKO, Denmark). GAFP-containing cells were seen
only in brain white matter, especially on the border between white and grey matter. The cells demonstrated long
specifically stained processess and were located regularly without clustering in most cases. The proliferation of
astrocytes near blood vessels and partial fragmentation of processes was observed in three animals. At the same
time, GAFP was not observed in white matter glia. However, some animal’s brain cortical molecular layer contained
occasional GAFP-containing cells. Massive tissue vacuolisation, absence of neurones, astrocytosis, breakdown
of astrocytes typical in brain cortex, and medulla of animals with BSE were not seen in any of the investigated
animals. In conclusion, no changes characteristic to BSE were observed in screening cattle brain in Latvia.
Changes connected with regional proliferation of glia around the blood capillaries might be connected with local
trauma or beginning of neurodegenerative disease.

Key words: astrocytes, brain, glial cells, bovine spongioform encephalopathy, cattle.

Ievads plazmatiskos jeb 1sstarainos astrocitus, kas lokalizgjas

Astroctti ir glijas $0inu veids, kuram CNS iz8kirdivus ~ pelékaja viela. Minétas $tnas veic daudzas svarigas
galvenos veidus — fibrozas jeb garstarainas Stinas, kas ~ funkcijas: $kidruma un jonu transportu, proliferé
atrodamas gan baltaja, gan pelekaja viela, bet parsvara  bojajuma gadijuma, nodro$inot aizsargfunkciju,
lokaliz&jas baltaja viela un zem pia mater, un proto-  piedalas dazadu barjeru veidoSana un spgj ari fagocitét

1. att. Govju galvas smadzenu lielo puslozu biotina un streptavidina imtinhistokimija:

a) baltas vielas garstarainie astroctti satur glijas skabo fibrillaro protemnu (X 240); b) ar glijas skabo fibrillaro
proteinu iezimeto garstaraino astrocitu peréklveida proliferacija ap asinsvadu uz baltas un pelekas vielas
robezas (X 240); c) glijas skabais fibrillarais proteins nav konstatgts ne baltas vielas astrocttos (X 160);

d) ne pelekas vielas sainas (X 240); e) glijas skabo fibrillaro proteinu saturo$as nervskiedras iegareno
smadzenu baltaja viela (X 160); f) bagatiga glijas skaba fibrillara proteina atrade iegareno smadzenu astrocitos
un skiedras (X 160); g) ar govju spongiozo encefalopatiju slimojosu govju lielo puslozu garoza un iegarenajas

smadzengs verojama vakuolizacija, neironu trilkums un astrocitu glijas sabruksana (X 160).
Fig. 1. Light micrographs of avidin-streptavidin immunohistochemistry:

a) fibrillar astrocytes of brain white matter containing glial fibrillar acidic protein (X 240); b) proliferation of
GAFP positive astrocytes around blood vessel on border of white and grey matter (X 240); ¢) lack of GAFP in
glial astrocytes in brain white matter (X 160) and d) also in grey matter cells (X 240); ¢) GAFP-containing
astrocytes in nerve fibres of medulla ablongata white matter (X 160); f) abundance of GAFP in
medulla ablongata astrocytes and nerve fibres (X 160); g) vacuolisation, absence of neurones and
degeneration of glial astrocytes in brain cortex of cattle with bovine spongioform encephalopathy (X 160).
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(Fletcher, 1993). Astroglioze pieder pie nespecifiskajam
smadzenu audu atbildes reakcijam, kairinajumiem, kas
parsvara ir lokali, pieméram, cistas gadijuma (Jubb et
al., 1985). Minétas $unas dazadu neirodegenerativu
slimibu gaita sp€j reagét difuzi, pieméram, liellopu
spongiozas encefalopatijas gadijuma novérojama
astrocitoze ar $§adu Stnu sabruksanu (Janovic, 2001).
Latvija lidz §im nav veikti pétijumi par astrocitu glijas
parmainam liellopu smadzengs, tadeél miisu darba mérkis
bija So $tinu kvalitativi kvantitativo parmainu izp&te uz
liellopu spongiozo encefalopatiju parbauditu nejausa
skrininga govju centralaja nervu sist€ma.

Materials un metodes

Materials iegiits 2001. gada dazados Latvijas
republikas rajonos no astonam 3. un 4. laktacijas govim.
Audi panemti ttlit pec dzivnieku nokausanas no pieres
dalas garozas, pakausa dalas garozas un iegarenajam
smadzeném. Paraugus diennakti fiks€ja maistjuma, kas
sastaveja no 2% formaldehida un 0.2% pikrinskabes
0.1 M fosfatbufert (pH 7.2). P&c tam audu gabalinus 12
h skaloja tiroidbufert, kura bija 10% saharozes, ieguldija
parafind un mikrotoma, sagrieza 8 mm biezuma.
Griezumos ar biotina un streptavidina imiinhistokimisko
metodi noteica glijas skabo fibrillaro proteinu (GSFP),
izmantojot Hsu et al. (1981) metodi. Audu gabalini tika
nemti arT rutinai parskata gaismas mikroskopijai,
krasojot tos ar hematoksilinu un eozinu. Paraugus
izskatija Leica mikroskopa.

Ar liellopu spongiozo encefalopatiju slimojosas
govs lielo puslozu garozas demonstracijas mikro-
fotografijas tika ieglitas no arzemé&m sanemtiem audu
paraugiem (Institute for Animal Health, Berkshire).

Rezultati

Pieres dalas garoza novérojam glijas intracelularu
un arpusstinu matrices tiisku. Vidgji izteikta bija kapilaru
pilnasiniba, visos gadijumos atradam perivaskularu
tusku. Neironu orientacija bija saglabata, dalai dzivnieku
neironu kodoli saturgja vakuolas.

Pakausa dalas garoza mingtas neironu vakuolizgjosa
rakstura un tiiskas paradibas nenovérojam praktiski
neviena gadijuma. Pienemot, ka pieres dalas garoza
atrasta aina saistama ar elektroSoka izraisitajam
parmainam, imtinhistokimiskaja analizg apliikojam tikai
pakausa dala konstatétas parmainas. GSFP iekrasoja
praktiski tikai garstarainos astrocitus tikai baltaja viela
vai ar1 uz robezas starp balto un peléko vielu (1.a att.).
Trim dzivniekiem novérojam astrocitu glijas peréklveida
proliferaciju galvenokart asinsvadu tuvuma (1.b att.).
Taja pasa laika mingtajiem dzivniekiem lielakaja dala
baltas vielas GSFP astrocitus neickrasoja (1.c att.).
Garoza GSFP saturoSus astrocitus nekonstatgéjam
nevienam dzivnickam (1.d att.).

Iegarenajas smadzengs GSFP bagatigi lokalizgjas
baltas vielas nervskiedras visiem dzivniekiem (1. att.).

LLU Raksti 10 (305), 2004, 8-12

Vienlaicigi GSFP ickrasoja pelékas vielas gliocitus
(1.fatt.).

Ar liellopu spongiozo encefalopatiju slimojosiem
dzivniekiem galvas smadzenu garozas tipiskas par-
mainas ietvéra masivu audu vakuolizaciju, praktiski
neironu tritkumu, astrocitozi un astrocitu sabruksanu

(1.gatt.).

Diskusija

Pieres dalas garozas parmainas, kas p&tamajiem
dzivniekiem galvenokart bija izteiktas ttskas veida,
saistfjam ar kauSanas briza elektroSoku, tadel vera
nenémam. Pakausa dalas garoza liclakajai dalai miisu
pétito dzivnieku biitiskas novirzes no normas
neatradam, tom@r uzmanibas vérta, musuprat, bija
peréklveida astrocttu proliferacija baltaja viela, ka ar1
uz baltas un pelekas vielas robezas asisnvadu tuvuma.
Mingta paradiba varctu liecinat par viet€ja rakstura jau
parciestu bojajumu, pieméram, traumu. Jubb et al. (1985)
norada, ka astrocitu atbilde uz kairinajumu var izpausties
degeneracijas, nekrotizacijas un/vai proliferacijas veida.
Degenerativas parmainas visbiezak atrodamas p&c
traumas, i§€miska bojajuma, atmieks$k&Sanas vai akiita
ickaisuma. Tas raksturo astrocitu izaugumu sabruksana,
Stinas kermena tiiska, kodola piknotizacija un frag-
mentacija. Sads bojajums var izraisit protoplazmatisko
astrocttu parveidoSanos par fibrozajiem (Luse, 1958).

Savukart proliferacija ne vienmé@r ir astrocitu
atbildes reakcija uz blakus esoso audu bojajumu, kaut
gan vienmér to novéro Valeriana degeneracijas
gadijuma. Tiesi viet€js bojajums vai audu degeneracija
izraisa atru astrocitu proliferaciju (Maxwell and Kruger,
1965).

Miisu pétitajiem dzivniekiem liellopu spongiozo
encefalopatiju nekonstatgjam. Sis slimibas rakstu-
rigakas audu parmainas atrodamas smadzengs,
smadzenit€s un izpauZzas ar vakuolizaciju, specifisku
Skiedru un amiloido platnisu veidosanos (Peerasak et
al., 1997; 1998), kam pievienojas imiino reakciju
samazinasanas un trikums un neironu degradacija
(Janovic, 2001). Miasdienas paplasinajies skarto
dzivnieku sugu, organu un audu spektrs. Ta, kazam
raksturiga bojajuma vieta ir iegarenas smadzenes, tilts,
lielas puslodes (Caramelli et al., 1999), bet primatiem
priona peptids diagnosticgjams mandelés, kunga un
zarnu trakta, muguras smadzenu ventralajos un
dorsalajos ragos (Bons et al., 1999). Tadel veiksmigi
tiek veidoti eksperimentalie modeli §Ts slimibas p&tisanai
(Laude et al., 2000). Tomé&r, diagnosticgjot to
dzivniekiem, noteicosais ir ilgais inkubacijas periods,
specifiska klinika un pozitiva specifiska diagnostika
(Aleksandrov et al., 2001).
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Abstract. Since 1988, Department of Agriculture of the Michigan State University (MSU) and the Latvia University
of Agriculture (LLU) have had an agreement for cooperation in research and information exchange. The objective
of the research described in this paper is to obtain productivity results for perennial ryegrass (Lolium perenne L.)
at different rates of mineral nutrition in both Michigan and Latvia. The State of Michigan and Latvia’s geographical
locations are similar. The country of Latvia lies East of the Baltic Sea; Michigan, likewise, is located East of a large
body of water, Lake Michigan, providing both locations similar weather patterns. Although the experiments were
carried out independent of each other and the measured results were analyzed for each location, this paper
compares the similarities and differences in both location outcomes. Field experiments in Latvia — at the Skriveri
Research center, LLU were carried out on sod podzolic sandy loam soil (Argiaquic Argiaboll) in the year 2001.
The following mineral fertilizer rates were used: N and P,O,, each 0, 30, 60, 90, 120, K O -0, 40, 80, 120, 160 kg
ha™'. This research examines the effects of varying mineral fertilizer rates on forage quality, seed and straw yields
by using the perennial ryegrass cultivars ‘Spidola’. In Michigan, field trials were conducted on a Capac loam soil
(fine-loamy, mixed, mesic Aeric Achraqualfs) at the Michigan State University Research farm in East Lansing
Michigan. Five levels of N fertilizer rates were used: 0, 112, 224, 336, and 448 kg ha™! of N. Diploid cultivars ‘Aries’
and tetraploid cultivars ‘Quartet’ were used in the field experiments. The average biomass yield from perennial
ryegrass ‘Spidola’ was 1.96-4.28 t ha™! (on dry matter basis), but the average seed yield was 0.423-0.835 tha' and
straw yield — 2.852-6.940 t ha' in the 1st year stand. The average biomass yield from perennial ryegrass Aries’
was 5.96-14.85 tha!, from cultivar ‘Quartet’ — 6.56-16.64 tha’', but crude protein (CP) ranged between 165-235 and
162-231 gkg'!, respectively.

Key words: fertilizer use, perennial ryegrass, forage quality, seed yield.

Introduction pastures for dairy production and cattle. The

Perennial ryegrass is a short-lived bunch-grass with
shallow root system. The plant is nutritious and palatable
and stands up to hard grazing. It will not do well under
poor conditions, where fertility or rainfall is low. It
requires an annual rainfall of between 850 and 1030 mm
and a middle climate during the growing reason.
However, it has the ability to survive long, cold winters
(Peter D. Walton, 1983). The temperature optimum for
growth of perennial ryegrass was reported to be 18 to
20°C (Mitchell, 1956).

In temperate areas where ryegrass is well adapted,
it is the primary grass used for pasture and silage in
dairy and animal production. Many diploid and
tetraploid cultivars of perennial ryegrasses have been
bred for use in pasture mixtures or for silage. In Michigan
and Latvia, cultivars are the predominant component
in nearly all pasture mixtures, with perennial ryegrass
and white or red clover forming the basis for permanent

LLU Raksti 10 (305), 2004, 13-18

significance of ryegrasses to agriculture is reflected
by the huge investments in research (Van Wijk, Reheul,
1991).

Some ryegrass cultivars are able to recover from
drought faster than others. Van Wijk (1988) concluded
from observations in Belgium and Great Britain that
tetraploid ryegrasses were somewhat more drought
resistant than diploids. Diploids are more susceptible
to snow mold than tetraploids.

More than 90% of N in leaves and stems of cool-
season grasses is in cell protoplasm (Sanderson,
Wedin, 1989b). Although the concentration of N in cell
walls is lower in grasses than in legumes, N in cell walls
accounts for a higher proportion of total N in grass
than in legume leaves because of the higher cell wall
concentration in grass leaves than in legume leaves.
Sanderson and Wedin (1989a) reported N con-
centrations in leaf cell walls of alfalfa, red clover, timothy,
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Table 1

Description of N fertility rates

Nitrogen rate, Timing, green up, first, second, third, fourth cutting
kg ha
0 No application
112 56 green up + 56 after 1* cut
224 56 green up + 56 after 1% cut + 56 after 2™ cut + 56 after 4" cut
336 112 green up + 84 after 1% cut + 84 after 2™ cut + 56 after 4" cut
448 112 green up + 112 after 1% cut + 112 after 2™ cut + 56 after 3" cut + 56 after 4™ cut

and smooth bromegrass to be 9.8, 26.4, 8.6, and 6.4 g
kg! NDF, respectively, and 4.2, 4.6, 3.2, and 2.4 g kg™
NDF, respectively, for stems.

Perennial ryegrass is a major component in different
seed mixtures that are used for grassland management
and forage production. This grass species plays an
important role in grassland productivity and forage
quality. Perennial ryegrass species has great seed
production potential.

Perennial ryegrass is common on pasture grass in
Michigan and Latvia. Many cultivars and a number of
hybrids, both diploid and tetraploid, are in use in both
locations. Perennial ryegrass diploid cultivars ‘Aries’
and tetraploid ‘Quartet’ are developed in Oregon, but
tetraploid cultivar ‘Spidola’ in Latvia.

Perennial ryegrass cultivar ‘Spidola’ was developed
at the Skriveri Research Center of the Latvia University
of Agriculture (LLU). It is a tetraploid cultivar
developed from a diploid perennial ryegrass ‘Priekulu
59°. Spidola’ shows a preference for certain growing
conditions; is better suited for mineral soils, prefers
loamy and loamy sand soils, and does quite well on
clay soils, but is somewhat less responsive on light
soils. Peat soils are not suitable as this cultivar of
perennial ryegrasses has inadequate winter hardiness
and does not have the ability to tolerate excessive
moisture for the long growing season period. It is
suitable for inclusion in seed mixtures planned for
establishment of permanent pastures and is a late
maturing pasture grass, good for late grazing.

Ryegrasses are used extensively throughout the
world because they provide high yields and quality
forage/pasture and excellent turf in a wide range of
environments (Jung, Van Wijk, Hunt, Watson, 1996).

Materials and methods

In Michigan, field trials were conducted in 2002 on
a Capac loam soil (fine-loamy, mixed, mesic, Aeric
Achraqualfs) at the Michigan State University
Research Farm in East Lansing. Soil fertility parameters:
pH H,0 - 6.2, organic matter — 24 g kg™, plant available
P,O, (Bray P1)-71,and K,O (1 M NH,OAc) - 206 mg
kg!. A strip-block design with three replications was
used to evaluate diploid and tetraploid perennial
ryegrass cultivars. Cultivar was the main-plot and
fertility level was subplot. Plots were seeded on August
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12, 2001 with a 91 cm Carter Nursery Seeder (Carter
Manufacturing, Inc., Brookston, IN) at 33.6 kg ha™' Pure
Live Seeds. Five levels of N fertilizer rates were used: 0,
112,224,336 and 448 kg ha' N applied as described in
Table 1.

Ammonium sulfate fertilizer was applied using a
Scotts 91 cm drop spreader (Scott’s Co., Marysville,
OH) at the prescribed intervals and elemental sulfur
(97% S) was applied at 9.3 kg ha' to the 0 N rate
treatment. Plots were clipped in the fall of the seeding
year to reduce smothering and conditions which
encourage fungal diseases.

Forage yield was collected using a 91 cm Carter
Flail harvester (Carter Manufacturing, Brookston, IN)
and ~300 g sub-samples of the forage harvested were
collected to determine dry matter (DM) content. The
samples were then ground to pass through a 1 mm
screen in a Christy-Norris Grinding Mill (Christy-Norris
Corp., UK). A sub-sample of ~20 grams was retained
for nutritive analysis. Each sample was scanned with a
6500 near-infrared spectrophotometer (FOSS NIR
Systems, Inc., Silver Spring, MD) with wavelengths
between 800 and 2500 nm. Reflected wavelengths were
recorded. A subset of samples was selected using the
Select program from WinISI software (Infrasoft
International, LLC., Port Matilda, PA.) to create
equations for prediction of crude protein (CP), neutral
detergent fiber (NDF), and acid detergent fiber (ADF).
Total nitrogen was determined for the subset by the
Hach modified Kjeldahl procedure (Watkins, 1987), and
CP was estimated by multiplying total N by 6.25. The
Goering and Van Soest (1970) method was used for
NDF and ADF determination with the addition of one
ml of alpha-amylase to the neutral detergent solution
for the breakdown of starch. Dry matter (DM) content
was determined by drying 0.5 g of sample in ceramic
crucibles at 100°C for 12 hrs. The samples were then
ignited in a muffle furnace at 500° C for 6 hrs to determine
ash content.

Field experiments in Latvia were carried out in 2001
on sod podzolic sandy loam soil (Argiaquic Argiaboll),
pHKCI~-6.5, plant available PO, — 110 and K,0 —204
mg kg (Egner—Riehm), soil organic matter—21 g kg
(Tyurins’ method). Randomized complete block design
(plot size was 16 m2) with four field replicates and five
broadcast fertilizer rates were tested. Perennial ryegrass
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tetraploid cultivars ‘Spidola’, 12 kg ha' (Pure Live
Seeds), were planted using “Nordsten” seed drill on
May 15,2001 after black fallow. The following mineral
fertilizer rates were used: N and P_O,, each of them 0,
30, 60,90, 120 kg ha', K O -0, 40, 80, 120, 160 kg ha"
(ammonium nitrate, single superphosphate and
potassium chloride). Weed control was performed
using herbicides (1 1ha' of MCPA in the mixture with
8-10 g ha! of granstar).

Lodging of the perennial ryegrass stand was
evaluated during the growing season using a scale
from 1-9 (1 =the stand is completely lodged, 9 =1odging
is not observable). The biomass, dry matter content,
seed yield as well as its chemical composition were
determined. Seed yield was recorded from the 1st year
use. Analyses of yield components and other
parameters were also recorded. The standard Kjeldahl
procedure for total nitrogen determination and crude
fiber in vitro was used. Analysis of variance (ANOVA)
was conducted using the GLM procedure of SAS (SAS
Inst., 1990) at P=0.05 to test the effects of year, location,
N treatment, and all interactions in models for forage
DM yield.

Results and discussion

Forage quality has been defined as the amount of
nutrient material that an animal can obtain from a feed
in the shortest possible time. Ruminant animals require
8% to 10% of crude protein for maintenance and up to
15% of crude protein in the case of a high-producing
dairy cow (Peter D. Walton, 1983).

Perennial ryegrass takes up nitrogen through most
of its growth cycle requiring abundant supplies of ni-
trogen to be available throughout the growing season.

Phosphorus (P) is one of the major essential

elements needed by perennial ryegrass for good
growth. It plays a very important role in the growth of
plants, especially for good grass and root growth
(Darrell Miller, 1984).

Potassium is another of the major essential
elements needed for ryegrass. It is used in larger
amounts than phosphorus. Within live plant tissue,
the average percentage of potassium is approximately
8 to 10 times that of phosphorus. Hay or dry matter
contains up to 4 times as much potassium as
phosphorus. Potassium aids in resisting disease,
insects, cold weather, drought and functions in stomatal
opening and closure and sugar transport (Darrell Miller,
1984).

In the Michigan field experiment, dry matter
increased significantly (6.6-15.8 t ha!) with the diploid
cultivar ‘Aries’ with increasing nitrogen rates up to
224 kg ha! and the tetraploid perennial ryegrass
cultivar ‘Quartet’ increased significantly (7.2-18.4 t
ha') with increasing nitrogen rates up to 448 kg ha-1
(Table 2).

In addition to increasing dry-matter production,
nitrogenous fertilizer applications increased the protein
content in perennial ryegrass (Table 3).

A split application of nitrogen fertilizer (equal parts
in the spring and after each harvest) resulted in a greater
total recovery of nitrogen than did a single application
of the same total amount at the beginning of the season.

In spring, as reproductive development proceeds,
tiller numbers cease to increase and may even fall. Tiller
numbers are lower at lower nitrogen rates, to increase
nitrogen. Tetraploid plants of perennial ryegrass
generally have wider and darker leaves, more robust
tillers, a lower tiller population, and higher percentage
DM than diploids (Van Wijk, 1988).

Table 2
Perennial ryegrass ‘Aries’ and ‘Quartet’ dry matter (DM) yield (2002)
Fertilizer Dry matter Ground Tillers, m’ Tillers, m’
Species Cultivar rate, (DM), cover, 10 May 23 Oct
kg ha! tha rating”

Perennial Aries 0 6.6 9 1450 1161
ryegrass 112 9.7 9 1551 1440
(diploid) 224 15.8 9 1551 1440

336 15.8 9 1709 1245

448 16.4 9 1626 1635
LSDy 05 - 0.65 NS** NS NS
Perennial Quartet 0 7.2 8.7 576 752
ryegrass 112 10.4 8.3 1180 1152
(tetra) 224 14.4 8.5 1003 1263

336 17.4 8.2 1366 1282

448 18.4 8.7 1570 1533
LSDy 05 - 0.91 NS 613 NS

* —1 to 9 rating with 9 being 100% stand;
** — NS — not significant.
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Table 3
Perennial ryegrass ‘Aries’ and ‘Quartet’ forage quality (2002)
Fertilizer Season average”, g kg
Species Cultivar rate, Crude protein ADF NDF
kg ha'! (CP)
Perennial Aries 0 165 260 512
ryegrass 112 197 266 509
(diploid) 224 219 25.7 491
336 231 256 486
448 235 255 494
LSDy 05 - 39 NS NS
Perennial Quartet 0 162 255 501
ryegrass 112 191 266 513
(tetra) 224 210 267 505
336 231 259 491
448 227 261 498
LSDy 05 - 26 NS NS
* — five cuttings.
Table 4
Effect of mineral fertilizer rates of perennial ryegrass ‘Spidola’
forage quality (2002)
N PO, K,0 Dry matter Crude protein Crude fiber Digestibility,
(DM), t ha" (CP), gkg' (CF), gkg' gkg'
0 0 0 7.9 86 285 511
30 90 120 12.1 89 281 448
60 60 160 12.7 101 289 507
90 90 40 13.4 94 302 514
120 120 160 17.1 136 288 505
LSDy 05 2.85 15.0 20.8 41.1

Diploid perennial ryegrass cultivar ‘Aries’ has a
high tiller population and sward density and,
consequently, the more open sward structure of
tetraploid cultivar ‘Quartet’ has frequently resulted in
underestimates of stand persistence (Table 2)

Neutral detergent fiber (NDF) is the content of cell
wall material or plant structural components in a feed.
Chemically, NDF includes cellulose, hemicellulose,
lignin, and heat-damaged protein. More mature plant
material will have a higher NDF concentration. Grasses
have higher NDF concentrations than legumes. Very
high quality legume hay would be considered hay with
a maximum of 400-460 kg! NDF (Crampton, Harris,
1969).

Table 3 presents average crude protein of five
cuttings, ADF and NDF percentage of diploid and
tetraploid ryegrasses. The 224 kg ha'! nitrogen rate
resulted in a significantly higher crude protein content
in both the cultivars ‘Aries’ and ‘Quartet’ compared to
the O rate treatment. Increasing nitrogen rates above
224 kg ha'! did not significantly increase the crude
protein content.
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Acid detergent fiber (ADF) contains cellulose,
lignin, and heart-damaged protein. ADF is closely
related to digestibility of forage. The lower the ADF
relative content, the greater the digestibility of a feed
or forage. ADF can be used to predict the energy value
of forage. If crude protein and NDF levels are
appropriate, hay with ADF less than 360 g kg-1 would
be considered high quality (Crampton, Harris, 1969).

The digestibility of crude protein in forages varies
widely, ranging from 45-80 %. Digestibility plays an
important part in animal nutrition. If material is readily
and quickly digested, the animal will start to feed again
and the total daily intake will be substantially increased.
Perennial ryegrass is one of the more digestible forage
crops grown (Darrell Miller, 1984).

Highest digestibility (51.4 %) was obtained with
N,, P,, and K, mineral fertilizer, the lowest —44.8 %
was with rates N, P, K _ . High potassium and low
nitrogen decreased the digestibility for about 2 %
(Table4).

Seeds are necessary to provide the plants that will
fulfill these needs. If soil type, available water, and
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Table 5

Fertilizer application and perennial ryegrass ‘Spidola’ seed yield in the 1st year of use (2000)

N P,05 K,0 Seed yield, Straw yield, Lodging resistance,
tha tha' scores
0 0 0 0.423 2.853 8.8
30 90 120 0.616 4.420 8.0
60 60 160 0.748 5.240 5.1
90 90 40 0.761 6.149 4.0
120 120 160 0.836 6.940 2.0
LSDy 05 0.110 1.371 1.82

temperature are not limiting, the most critical factor
affecting seed production is N fertilization. In most
studies in the USA, from 80 to 160 kg ha™! of single or
split application of N gave beneficial yield responses
over time depending on soil-water availability, grass
species, and age of stand. Optimum rates for spring N
fertilizer, applied at one date, were suggested as 60 kg
ha! for red and meadow fescue and timothy and 90 to
120 kg ha™! for orchardgrass and perennial ryegrass.

Increased NPK rates result in higher seed and straw
production, but significantly decrease lodging
resistance (Table 5). Lodging of perennial ryegrass seed
crops is a big problem and therefore applied nitrogen
is usually limited, because it is very difficult to harvest
the seed yield; at the same time, P and K may help
reduce lodging.

It is important to maintain the proper levels of P
and K when additional nitrogen is applied. Ryegrass is
similar to all other cool-season grasses, because of
high levels of both P and K removal when additional
nitrogen is applied (Darrell Miller, 1984).

Conclusion

Different N fertilizer rates were used in Michigan
and Latvia, because in Latvia the objective was to
evaluate the effects of N fertilizer rates upon seed
production, while the objectives in Michigan were to
evaluate N fertilizer effects upon dry matter yield and
forage quality.

There were some differences between Michigan and
Latvian vegetation period (growing season). In Latvia,
three perennial grass cuttings were obtained, but in
Michigan, because of a comparatively longer vege-
tation period — five.

From perennial ryegrass cultivars ‘Aries’, ‘Quartet’,
and ‘Spidola’, high forage quality (crude protein and
dry matter) was obtained at different fertilizer rates,
which indicates different responses between diploid
and tetraploid perennial ryegrasses.

Michigan perennial ryegrass tetraploid cultivar
‘Quartet’ resulted in a higher dry matter yield than
diploid cultivar ‘Aries’. *Aries’ dry matter yield
increased significantly up to 224 kg ha™', while ‘Quartet’
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dry matter yields increased with increasing N fertilizer
rates up to 448 kg ha'l. Increasing fertilizer rates to
NP ,0K 4 increased the seed yield from 0.423 to 0.836
t ha'!, but significantly decreased lodging resistance —
from 8.8 to 2.0 scores.

The optimum NPK rates recommended for seed
productionare N P, K . Using this fertilizer rate will
result in less lodging which is better for seed
harvesting.

The research conducted at both locations has
produced interesting results and further research is
expected to provide new usable insights into the
productivity of new cultivars at each location, for
example, the productivity of cultivar ‘Spidola’ grown
at MSU, and cultivars ‘Aries’ and ‘Quartet’ grown in
Latvia. These comparisons for growths at both
locations would be enhanced if the fertilization rates
were the same in both locations. Future collaboration
will enable researchers from each country to achieve
optimal fertilizer recommendations for their respective
regions.
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Anotacija
Divos izméginajumos, kas tika veikti Mi¢iganas Valsts universitaté un LLU Skriveru zinatnes centra, tika pétiti
ganibu airenes s¢klu razas un lopbaribas kvalitates raditaji atkariba no pielietota slapekla méslojuma. Ganibu
airene ir viena no svarigakajam skrajceru apakszalém, kuru izmanto ilggadigo kultivéto ganibu zelmenu kvalitates
nodros§inasanai lopbaribas razo$ana gan ASV Miciganas pavalsti, gan arT Latvija. P&tjjumi tika veikti LLU un
Miciganas Valsts universitates sadarbibas programmas ietvaros.
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Analysis of Dry Matter Yield Stability Parameters in
Different Varieties of Forage Grasses
Sausnas razas stabilitates analize dazadam stiebrzalu sugam un Skirném
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Lithuanian Institute of Agriculture, e-mail: pavelas@]zi.lt
Lietuvas Zemkopibas institiits, e-pasts: pavelas@]lzi.lt

Abstract. Dry matter yield peculiarities in five varieties of forage grasses from five species (Dactylis glomerata
L., Festuca pratensis Huds., Lolium perenne L., Phleum pratense L. and Poa pratensis L.) have been studied in
the period 1992-2002 at the Lithuanian Institute of Agriculture (Dotnuva). ANOVA and regression analysis were
employed to draw the conclusions. Results of disperse analysis showed that dry matter yield was essentially
(P<0.01) influenced by the year of herbage utilization, year of trials, varieties and their interaction. For the
cocksfoot variety ‘Asta’ the yield of aftermath and for the common timothy variety ‘Gintaras II” the first cut were
the crucial factors that predetermined high (P<0.01) yields in both years of herbage utilization. The meadow
fescue variety ‘Dotnuva’ and the perennial ryegrass variety ‘Zvilge’ are characterized by a high dry matter yield
in the first year of herbage utilization and by its significant decline in the second year. The Kentucky blue grass
variety ‘Lanka’ was characterized by low dry matter yields in both years of herbage utilization. According to
response to cultivation conditions, the cocksfoot variety ‘Asta’ belongs to intensive types with a high
phenotypical stability of dry matter yield. The perennial ryegrass variety ‘Zvilge’ ranks among the extensive
types with a high phenotypical stability of yield. The Kentucky blue grass variety ‘Lanka’ belongs to intensive

types with low phenotypical stability, especially in the first year of herbage utilization.
Key words: grass species, regression analysis, dry matter yield.

Introduction

A very important property of forage grasses is their
ability to give stable high dry matter yields under
different environmental conditions (Bidinger et al.,
1996). The level of productivity depends on the genetic
potential of the variety, which is controlled by the
response limits of the genotype. Yield stability depends
on the ability of a variety to respond to environmental
conditions. There are varieties with high adaptability,
which give stable but lower yields under different
environmental conditions, whereas varieties with a low
adaptability, yield high in favourable and low under
unfavourable conditions (Borojevic, 1990).

In varieties-populations of forage grasses,
adaptability depends on genetic homeostasis, which
includes not only heterogenicity, but also hetero-
zygosity, arising as a result of free repollination among
the plants. Thus, varieties-populations consisting of
numerous genotypes are characterized by a wide scope
of response to environmental conditions. Separately
should be mentioned Kentucky blue grass varieties,
which are pure lines of the same genotype, and
therefore their adaptability is based on individual
buffering or physiological homeostasis regarding the
restricting conditions of the environment. Never-
theless, varieties of different species of grasses differ
in their response to environmental conditions. Reliable
differences in response to varying conditions have
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been found in cocksfoot (Christie and Armstrong, 1968;
Tarakanovas, 2001), common timothy (Casler, 1990,
1999), Kentucky blue grass (Ebdon et al., 1998), and
perennial ryegrass (Baltfourier etal., 1997).

In perennial grass varieties, dry matter yield stability
depends also on differences in the individual
development of plants, time of sowing, age of herbage,
trend of its utilization, wintering conditions and
especially on sufficient humidity of soil in the period
of active plant growth and development, as well as on
other factors.

Yield stability is a measure of the variation in yield
of a perennial grass variety over different environments
in comparison with other varieties. Finlay and
Wilkinson’s (1963) b, considers a cultivar stable if its
response to environments is parallel to the mean
response of all cultivars in the trial. On determining
the parameters of dry matter yield stability it is possible
to foresee their response to changes in environmental
conditions and to recommend the adequate agro-
technical measures and varietal sortiment for obtaining
optimal yields.

Varieties with the coefficient of regression b=1.0
exhibit a full correspondence between the yield
dynamics and environmental changes. The higher the
value of the coefficient b,> 1.0, the higher the level of
response of a variety. In the case when b, < 1.0, a variety
shows a weaker response to environmental conditions
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than the average pool of the varieties under study.
Eberhart and Russell’s (1966) s, considers a cultivar
stable if the residual mean square from Finlay and
Wilkinson’s regression model is not significant. The
less the sum of yield deviation squares is shown by a
variety, the higher are its stability characteristics.
Studies on dry matter yield stability in varieties of
different grass species have not been carried out in
Lithuania thus far. The aim of the current study was to
establish the parameters of ecological dry matter yield
stability in varieties of different perennial grass species.

Materials and methods

To study the parameters of ecological stability, the
following varieties of grasses registered in Lithuania
were used: cocksfoot— “Asta’ (Dactylis glomerata L.),
meadow fescue — ‘Dotnuva I’ (Festuca pratensis
Huds.), perennial ryegrass — ‘Zvilge’ (Lolium perenne
L.), common timothy ‘Gintaras 11’ (Phleum pratense
L.), and Kentucky blue grass — ‘Lanka’ (Poa pratensis
L.). Variety testing experiments were carried out on a
sod gleyic moderately heavy drained loam soil, with a
pH value in the arable layer varying from 6.4 to 7.2 and
the content of humus from 1.9 to 2.2%. The following
crop rotation was used: 1) black fallow; 2) grasses of
the sowing year; 3) grasses of the first year of use; 4)
grasses of the second year of use; 5) spring cereals; 6)
spring cereals.

Competitive variety trials of perennial ryegrass,
meadow fescue, common timothy, cocksfoot and
Kentucky blue grass were assessed over the period
19922002 (10 annual variety testing trials of each grass
species).

The grasses were sown in the first half of June
without a cover crop. In the year of use, the grass was
cut three times with a Hege 212 field mower and 0.5 kg
herbage samples were taken for dry matter content
determination. The first cut was taken during the
heading; the second and third cuts were harvested
after regrowth of aftermath. According to the earliness
of species and development of plants, the Kentucky
blue grass variety ‘Lanka’ was cut first (most often at
the end of the second ten-day period of May), followed
cocksfoot (‘Asta’), meadow fescue (‘Dotnuva I’),
perennial ryegrass (‘Zvilge’), and the common timothy
variety ‘Gintaras II” was cut latest, usually in the middle
of the second ten-day period of June.

Meteorological conditions during the experiment
varied: 1997 and 1998 were most favourable, while 1993,
1994 and 2002 were unfavourable, droughty.

The experimental data were processed according
to the Eberhart and Russell procedure (Eberhart and
Russell, 1966) described in detail by Brewbaker
(Brewbaker, 1996). A random-effects ANOVA model
was used, assuming a random sampling of genotypes
and years, to separate the components of variance for

20

selecting the appropriate F-test. The particular n? (Eta
Squared) coefficient was calculated according to the
method described elsewhere (CekanaviGius and
Murauskas, 2002). It allows determining a relative effect
of each factor versus accidental errors.

The analysis of variance was used to indicate the
presence of a significant genotype by environment
interactions, and to determine whether the interactions
were a linear function of the additive environmental
component. The environmental index was calculated
by taking the means of all genotypes grown in a
particular year. The regression coefficient (b)) measures
the increase in the mean yield of a genotype per unit of
increase in the environmental index. The standard
deviation ( s, ) of residuals about the regression line
measures how well the predicted response agrees with
that actually observed and includes genotype by
environments analysis. A stable genotype has a
regression coefficient (b)) value nearly to 1 and
deviations from regression are as small as possible
(5,=0).

The following rating scale was used for the
comparison of varieties for yield stability (MapTsiHOB,
1997):

b.> 1.3 intensive variety with a low phenotypic
stability;

1.1 < b, < 1.2 intensive, phenotypically stable
variety;

0.9 <b,<1.1 intensive, phenotypically highly stable
variety;

0.8 <b.<0.9 extensive, phenotypically highly stable
variety;

0.7 <b,<0.8 extensive variety with reduced
phenotypic stability;

b.<0.7 extensive variety with low phenotypic
stability.

The determination coefficient R? shows whether
the theoretical values of the linear regressions,
calculated on the basis of the equation, are close to the
actual (i.e., R? values should be high). The experimental
data were processed by statistical methods, using
programs from ‘AGROS ver. 2.06° packages

MapTteiaoB, 1997) and ‘STATISTICA ver. 5.5¢
(boposukos, 2001).

Results and discussion

Dispersion analysis results showed that dry matter
yield in different varieties was reliably (P < 0.01)
dependent on the year of herbage utilization, year of
trial and their interaction. Dry matter yield of the first
cut, aftermath and per year was most strongly
dependent on the genotype (variety) of grasses
(M>=0.83-0.86), year of trial (*=0.76-0.80), and year of
herbage utilization (n>=0.52-0.74). For genotype-by-
environment analysis, of particular significance is the
presence of a reliable interaction of the year of trial and
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the genotype (Yx G) for the first cut, aftermath and
annual yield (P < 0.01), which allow further analysis
(Table 1).

Dry matter yield was found to be strongly
dependent on climatic conditions, in particular in the
sum of precipitation in the years of trial. The highest
dry matter yields, which reliably exceeded the average
data of a trial, were observed for the first cut of the first
year of herbage utilization in the years 1996 and 1997
(P<0.05) (Table 2). Conditions for obtaining high yields
of aftermath in the first year of herbage utilization were
favourable in 1993 and 1997-2001. Reliably high annual
yields of grasses were obtained in 1996-1998 and 2001.
The most favourable years for the development of
grass plants and for high yields in the second year of
utilization were 1995, 1997 and 1998.

Varieties that belonged to different species showed
differences in the structure of dry matter yield formation.
For instance, in the first year of herbage utilization the
high annual dry matter yields for the varieties of meadow
fescue and perennial ryegrass were predetermined by

the higher yields of plants of the first cut (Table 3). The
aftermath yield had played a crucial role in the
formation of high yields of the variety ‘Asta’ both in
the first and second years of herbage utilization. A
good dry matter yield of cocksfoot aftermath in the
first and second years of herbage use can be explained
by an excellent regrowth of this grass species after
cuts and good drought resistance (Tarakanovas, 1992;
Kanapeckas et al., 2000). For the common timothy
variety ‘Gintaras 11, the first cut was the core factor
that favoured the formation of high (P <0.01) yields in
both years of herbage use. A significant reduction in
the yield of the second year versus the first year was
peculiar to the meadow fescue variety ‘Dotnuva I’ and
the perennial ryegrass variety ‘Zvilge’. The lowest dry
matter yields in both years of herbage utilization were
produced by the Kentucky blue grass variety ‘Lanka’.

The ecological stability of a variety should be
understood as its sensitivity to favourable conditions
of the environment alongside a trend of lower yields in
unfavourable conditions. Response of a variety to

Table 1
Mean squares relevant to the study of dry matter yields of genotypes (varieties) (1992 - 2002)
Source df 1st cut Aftermath Annual
MS n’ MS n MS n

Years of herbage utilization
(YHU) 1 386.54%* 0.74 144.23** 0.52 955.24** 0.74
Years of grass trials (Y) 9 56.82%* 0.80 47.13%* 0.76 125.94%%* 0.78
Genotypes (G) 4 163.04** 0.83 213.08** 0.86 424.775%* 0.84
YHUx Y 9 17.74** 0.54 37.35%* 0.72 40.72%* 0.53
YHU x G 4 45.07*%* 0.57 14.11%* 0.30 95.24*%* 0.54
Y xG 36 5.74%* 0.60 14.99%* 0.80 20.43** 0.69
YHUx Y x G 36 3.93%* 0.51 5.52%* 0.60 8.67** 0.49
Error (e) 297 0.45 0.45 1.10
** _ significant at the 0.01 probability levels.

Table 2

Mean dry matter yield performance (t ha') for the first and second years of
herbage utilization in different years (1992 - 2002)

Years of First year of herbage utilization Second year of herbage utilization

harvest 1st cut aftermath annual 1st cut aftermath annual
1992 6.76 1.88 8.64 - - -
1993 5.12 6.25%* 11.37 2.36 3.57 5.93
1994 6.23 5.12 11.35 4.37 421 8.58
1995 5.62 5.63 11.25 5.25%* 5.34%* 10.59%**
1996 7.98%* 4.79 12.77** 4.22 2.94 7.16
1997 9.36%* 6.33%* 15.69%* 7.21%* 4.61 11.82%%*
1998 6.03 6.23%* 12.26* 5.86%* 6.60** 12.46**
1999 5.64 5.86* 11.50 431 3.62 7.93
2000 49 7.24%* 12.14 3.51 6.42%* 9.93
2001 6.69 6.08** 12.77** 4.19 4.05 8.24
2002 - - - 3.37 2.04 5.41
Average 6.43 5.54 11.97 4.46 4.34 8.80

* ** _indicate the highest differences from the average data significance at the 0.05 and 0.01 probability
levels, respectively.
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Mean dry matter yield performance (t ha') for the first and second years of
herbage utilization over the period of ten years (1992 - 2002)

Table 3

Species First year of herbage utilization Second year of herbage utilization
Ist cut aftermath annual 1st cut aftermath annual
Cocksfoot, ‘Asta’ 5.69 8.27#* 13.96** 5.46%* 7.39%* 12.85%%
Meadow fescue, 7.26%* 5.28 12.54%* 4.33 3.60 7.93
‘Dotnuva I’
Perennial ryegrass, 7.77%* 5.30 13.07** 3.80 3.50 7.30
‘Zvilge’
Common timothy, 7.83%%* 4.82 12.65%* 6.14%%* 3.04 9.18%*
‘Gintaras II’
Kentucky blue grass, 3.59 4.04 7.63 2.60 4.17 6.77
‘Lanka’
Average 6.43 5.54 11.97 4.47 4.34 8.81
* ** _indicate the highest differences from the average data significance at the 0.05 and 0.01
probability levels, respectively.
Table 4

Regression and determination coefficients and standard deviation of residuals about the

regression line for dry matter yield of the grass varieties over ten years (1992 -2002)

Species First year of herbage Second year of herbage
utilization utilization
bi R2 Sd bi R2 Sd
Cocksfoot, ‘Asta’ 1.26 0.78** 1.60 1.05 0.64** 3.55
Meadow fescue, ‘Dotnuva I’ 1.21 0.56* 4.18 0.88 0.57* 3.32
Perennial ryegrass, ‘Zvilge’ 0.85 0.54* 2.26 0.86 0.80** 1.05
Common timothy, ‘Gintaras II’ 0.47 0.16 4.25 0.79 0.62%* 2.22
Kentucky blue grass, ‘Lanka’ 1.19 0.47* 5.80 1.42 0.89%* 1.44

*, ** _significant at the 0.05 and 0.01 probability levels, respectively.

changes in environmental conditions is characterized
by the coefficient of linear regression of a trait versus
the indices of the environment. Dispersion (standard
deviations) with regard to regression characterizes yield
stability in different environmental conditions. Table 4
shows the coefficients of regression, determination and
standard deviations from the regression line according
to dry matter yield. The coefficient of determination,
calculated between the theoretical and factual dry matter
yield values for all varieties over the ten years of study,
was highly reliable (P <0.05). An exception was only
the common timothy variety ‘Gintaras II” in the first
year of utilization. Consequently, while analyzing the
data on the productivity of the variety of common
timothy, the linear regression model cannot be
employed.

Comparing the varieties by the trait of stability, the
cocksfoot variety ‘Asta’ can be distinguished as an
intensive culture showing a rather high phenotypical
stability (=1.05-1.26), especially in the first year of
herbage utilization. The meadow fescue variety
‘Dotnuva I’ shows different manifestations of this trait
in different years of herbage utilization. In the first year
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it can be characterized as intensive with lowered sta-
bility (b=1.21 and s,=4.18 ) and in the second year as
belonging to an extensive phenotypically stable type
(b=0.88). As a result of the trials, perennial ryegrass
can be ascribed to an extensive type characterized by
high phenotypical stability (b=0.85-0.86). Data of the
second year of trials showed the common timothy
variety ‘Gintaras II” to belong to an extensive type with
reduced stability (b=0.79). According to response to
environmental conditions, the Kentucky blue grass
variety ‘Lanka’ belongs to an intensive type (b=1.19-
1.42; average 1.305) characterized by low phenotypical
stability, particularly in the first year of herbage
utilization (s, =5.80) (Table 4).

Variety breeders are interested first of all in a
combination of productivity level and stability, which
allows to foretell the response of a variety to changed
conditions of cultivation.

Figure 1 graphically shows dry matter yield (t ha')
in the first year of utilization and the regression
coefficient reflecting the stability of the varieties of
different species. The lines of the average yield from
trials (11.97 t ha'), and the coefficient of regression
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(b=1) conditionally divide the study varieties of differ-
ent species into four rectangles. The right-hand upper
rectangle contains the cocksfoot variety ‘Asta’ and
the meadow fescue variety ‘Dotnuva I’ characterized
by high yields (exceeding the average level of the trial)
and high (b>1) coefficients of regression. Both spe-
cies belong to an intensive type, i.e., they respond well
to improved environmental conditions. To obtain high
yields of varieties of these species, a high agrotechnical
background is needed.

The perennial ryegrass variety ‘Zvilge’ and the
common timothy variety ‘Gintaras II’, situated in the
right-hand lower rectangle in Figure 1, belong to
extensive types. In the first year of herbage utilization
they are characterized by a high dry matter yield
(exceeding the average yield of a trial) and low
coefficients of regression (b<1). Theoretically they
ought to be rather high-yielding also in less favourable
conditions of cultivation.

The Kentucky blue grass variety ‘Lanka’ stands

out for a low dry matter yield (below the average level
of a trial) and a high coefficient of regression. Low
indices of dry matter yield stability show that yield
prognosis in this variety is rather complicated.

In the second year of herbage utilization, the
distribution of varieties according to productivity and
stability differs from that of the first year (Fig. 2). The
cocksfoot variety ‘Asta’ also in the second year of
utilization preserved its positions in the upper right-
hand corner of Figure 1. Variety ‘Asta’ differed from
other varieties by the highest dry matter yield and the
coefficient of regression, which was only insignificantly
higher than unity (=1.05). Thus, in the second year of
herbage utilization the cocksfoot variety ‘Asta’ showed
a high phenotypical stability of dry matter yield and
belonged to the intensive types of grasses. The
common timothy variety ‘Gintaras II’ in the second
year of utilization by dry matter yield reliably exceeded
the average level of the trial and had the coefficient of
regression lower than unity. Like in the first year of
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Fig. 1. Relationship between regression coefficient and dry matter yields of tha
grass varieties in the first year of herbage utilization (1992 - 2001): 1 — cocksfoot, ‘Asta’;
2 —meadow fescue, ‘Dotnuva I’; 3 — perennial ryegrass, ‘Zvilge’;
4 — common timothy, ‘Gintaras II’; 5 — Kentucky blue grass, ‘Lanka’.
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Fig. 2. Relationship between regression coefficient and dry matter yields of
grass varieties in the second year of herbage utilization (1993 - 2002):
1 — cocksfoot, ‘Asta’; 2 — meadow fescue, ‘Dotnuva I’; 3 — perennial ryegrass, ‘Zvilge’;
4 — common timothy, ‘Gintaras II’; 5 — Kentucky blue grass, ‘Lanka’.
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utilization, it belongs to extensive types with reduced
phenotypical yield stability The meadow fescue variety
‘Dotnuva I” and the perennial ryegrass variety ‘Zvilge’
in the second year of utilization moved to the left-hand
lower rectangle of Figure 2, because of a low dry matter
yield (below the average level of the trial) and a low
coefficient of regression (<1). According to these
indices, in the second year of herbage utilization the
study varieties of these species can be ascribed to
extensive types exhibiting a high phenotypical stability
of dry matter yield.

Like in the first year of herbage utilization, the
Kentucky blue grass variety ‘Lanka’ had the lowest in
the trial dry matter yield and the regression coefficient
above unity. This combination of the parameters is
characteristic of the intensive types of grasses.

Conclusions

1. The relationship of dry matter yield and its
variation enables better understanding of varietal
peculiarities of studied species.

2. Results of disperse analysis showed that dry
matter yield was essentially (P<0.01) influenced by the
year of herbage utilization, year of trials, varieties and
their interaction.

3. For the cocksfoot variety ‘Asta’ the yield of
aftermath and for the common timothy variety ‘Gintaras
I’ the first cut were the crucial factors that pre-
determined high (P<0.01) yields in both years of herbage
utilization. The meadow fescue variety ‘Dotnuva I” and
the perennial ryegrass variety ‘Zvilge’ are characterized
by a high dry matter yield in the first year of herbage
utilization and by its significant decline in the second
year. The Kentucky blue grass variety ‘Lanka’ was
characterized by low dry matter yields in both years of
herbage utilization.

4. According to response to cultivation conditions,
the cocksfoot variety ‘Asta’ belongs to intensive types
with a high phenotypical stability of dry matter yield.
The perennial ryegrass variety ‘Zvilge’ ranks among
the extensive types with a high phenotypical stability
of yield. The meadow fescue variety ‘Dotnuva I’ in
different years of herbage utilization exhibited different
response to enviromental conditions, which varied from
intensive with reduced stability to an extensive,
phenotypically stable type. Data of the second year of
utilization allowed to ascribe the common timothy
variety ‘Gintaras II’ to extensive types with reduced
phenotypical stability. The Kentucky blue grass variety
‘Lanka’ belongs to intensive types with low pheno-
typical stability, especially in the first year of herbage
utilization.
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Anotacija

Lietuvas Zemkopibas institiita, Dotnuva, 1992.-2002. gada salidzinatas 5 Skirnes no 5 stiebrzalu sugam.
Salidzinato $kirnu sausnas raZas izméginajumu perioda, péc dispersijas analizes rezultatiem, batiski ietekméja
izmanto$anas un izméginajuma gads, §kirnes un to savstarp&ja mijiedarbiba.

Izmgginajuma gados intensiva tipa ar stabilam sausnas razam bija kamolzales Skirne ‘Asta‘. Airenes $kirne
‘Zilge* bija ekstensiva tipa ar augstu razibas stabilitati, bet plavas auzenes Skirnei ‘Dotnuva 1° - mainiga
produktivitate un stabilitate izméginajuma gados. P&c otra izmantoSanas gada rezultatiem timotina $kirne ‘Gintaras
II° pieskaitama ekstenstvam ar zemu fenotipisko stabilitati. Plavas lapsastes skirne ‘Lanka‘ veértgjama ka intensiva
tipa ar zemu fenotipisko razas stabilitati, it seviski pirmaja izmanto$anas gada.
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Agronomic Performance of Doubled Haploid Spring Barley Lines
Vasaras miezu dihaploido Iiniju agronomiskas ipasibas

Algé Leistrumaité, Biruté Basiuliené
Lithuanian Institute of Agriculture, e-mail: alge@lzi.lt
Lietuvas Zemkopibas institiits, e-pasts: alge@lzi.lt

Abstract. Methods of biotechnology are used to enhance the efficiency of spring barley (Hordeum vulgare L.)
breeding. Anther culture method has been used for the production of spring barley DH lines at the Lithuanian
Institute of Agriculture (LIA) since 1996. Androgenic plants were produced from the spring barley genotypes of
Lithuanian origin. In 1998-2000 at the LIA, grain yield and other agronomic traits in spring barley DH lines,
produced by anther culture, were evaluated. After three years evaluation, 4 DH lines notable for agronomic
valuable traits were selected for breeding purposes. The spring barley DH lines 7533-26, 7456-39, 7456-33, 7456-
46 were distinguished by a short straw, satisfactory tillering, good lodging resistance, high yield, 1000 kernel
weight, spike length, high grain number per spike and high grain weight per spike. Those 4 DH lines will be
included in the competitive yield trials and the spring barley breeding program. Also, DH lines 7533-26, 7456-39,
7456-33, 7456-46 will be passed on to a long-term seed storage in the Lithuanian Genebank. Variability of the
examined traits in spring barley DH lines was established on the basis of analysis. The results showed that
impact of meteorological conditions on variability of plant height, time of maturity, 1000 kernel weight and grain
yield of spring barley DH lines was of greater importance compared with the influence of genetical background.

Key words: spring barley, anther culture, doubled haploid (DH), agronomic traits, variation.

Introduction

Barley (Hordeum vulgare L.) is one of the most
common crops in Lithuania, covering 66.3 % of total
spring cereal sowing area. The largest part of spring
barley grain is used for livestock feeding, some part is
used as human food and brewing malt. Barley varieties
play an important role in increasing yield capacity of
crops. The primary objectives of spring barley breeding
are to develop high yielding varieties for malt and feed,
with good resistance to lodging and diseases.

Conventional plant breeding is a slow process that
requires at least 10 years to produce a new cereal variety.
The main and most time-consuming period in self-
pollinated crops breeding is from parental forms
selection and crossing to pure-breeding lines
evaluation. The methods of biotechnology are used to
increase the efficiency of spring barley breeding. One
of the most popular methods is haploidy. Anther culture
is one of the most promising methods for obtaining
doubled haploid plants in barley. Acceleration of the
breeding cycle makes DH technique very attractive.

Production of doubled haploid lines (DH) via anther
culture method depends on the breeding system of a
crop. For self-pollinated crops, such as barley, anther
culture can be most effectively applied to F, hybrids
between two breeding lines with complementary
characters of agronomic value to fix homozygosity in a
single generation. This homozygosity eliminates
environmental interactions, which simplifies the study
of quantitative traits and allows easier selection of
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desirable traits. It saves the breeding program time and
resources. The DH method enables plant breeders to
shorten the breeding process by 3-5 years, compared
with conventional techniques (lyamabo, Hayes, 1995;
Mannienen, 1997). Haploid tissue also facilitates the
genetic variability, which allows recessive mutants to
be casily detected (Bhojavani, Razdan, 1983; Devaux,
1992).

Anther culture method was used for production of
spring barley DH lines at the Lithuanian Institute of
Agriculture from 1996. Using anther culture method,
DH lines have been developed and several of them
included into the breeding program.

The objective of this study was to evaluate main
components of grain yield and other agronomic traits
of spring barley DH lines in field trials and to determine
variability of examined traits in spring barley DH lines

Materials and methods

Anther culture method was used for production of
spring barley DH lines, as described by Olsen (1987),
Morrison and Evans (1988), Szarejko and Kasha (1991).
Androgenic plants were produced from spring barley
genotypes of Lithuanian origin — No. 7456 and No.
7533. The crossing was provided in field in 1995. For
production of spring barley DH lines were used F,
generation of genotypes in 1996. The best DH lines
were evaluated agronomically in 1998-2000. Lines 7533-
26,7533-32,7533-24,7533-66, 7533-34 were developed
by composite crossing KM 1192/°0Ofir’//KM 1192/
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"Mamie’/3/KM  1192/°0fir’//’Maris Mink’/
"Nadia’/4/Sj. 924505, lines 7456-39, 7456-46, 7456-10,
7456-21,7456-33 were developed by composite crossing
KM 1192/°0fir’//KM 1192/’Mamie’/3/KM 1192/°Ofir’/
’Maris Mink’/’Nadia’/4/SW 90350. In the pedigree of
lines entered German variety ‘Nadia’ and Czech line
KM 1192, which are distinguished with good malting
quality, and line KM 1192 with resistance to powdery
mildew too. Other parent varieties ‘Mamie’ (France),
‘Ofir’ (the Netherlands), ‘Maris Mink’ (Great Britain),
Sj. 924505 (Denmark), SW 90350 (Sweden) are high
yielding, resistant to lodging and diseases. Lithuanian
spring barley variety ‘Ula’ was used as control variety.
Spring barley DH lines were sown in 5-10 m? plots in 4
replications.

The soil of the experimental site was Endocalcari-
Epihypogleyic Cambisoil (CMg-p-w-can) light loam.
Preceding crop was seed clover of the 1st year.
N, P K, fertilization was used. The period 1998-2000
was rather good for spring barley DH lines evaluation
because of the variable weather conditions (1998 — cool
and rainy, 1999 — dry, 2000 — wet). It helped to achieve
a versatile evaluation of the lines. In the trials we
evaluated the period of maturity (days), plant height
(cm), grain yield (tha'), main yield components (spike
length, grain per spike, grain weight per spike), 1000
kernel weight (g), volume weight (g 1I'").

The level of statistical significance of data was
calculated by method of dispersion analysis and the
variability of traits was characterized by the coefficient
of variation (<10% —low, 10.1-20.0% — medium, >20% —
high) (ToctiexoB, 1985). For calculation was used soft-
ware ANOVA and STATENG developed at the Lithua-
nian Institute of Agriculture (Tarakanovas, 1999).

Results and discussion
Plant yield and quality traits are affected by the
growth conditions on the basis of physiologic and

metabolic processes occurring during plant vegetation.
Table 1 shows data of agronomic traits of spring barley
DH lines. The grain yield of the spring barley DH lines
varied between the years. In cool and rainy year of
1998, the grain yield of DH lines was 3.70-4.80 t ha.
1999 was dry and extremely unfavorable for barley, and
DH lines produced rather poor yield —2.49-3.27 tha™.
The year 2000 was the best for the spring barley DH
lines that produced yields 0f4.39-6.03 tha!. Grain yield
of DH lines was lower than that of control variety. The
best DH lines were 7456-39 (4.43 tha'), 7456-21 (4.22t
ha'') and 7456-33 (4.22 tha™'). These lines showed the
highest yields in different years: in 1998 —line 7456-21
(4.80tha'),in 1999 — line 7456-33 (3.27 tha™), and in
2000 — line 7456-39 (6.03 t ha'). These lines
distinguished themselves by a high spike length and
grain number per spike or high 1000 kernel weight.

Plant height is very closely related to lodging
resistance, which influences plant yield and grain quality
(JIykpstHOBa 1 p., 1990). Plant height ranged from 38
to 82 cm depending on year and line (Table 3). DH line
7533-26 was characterized by the shortest straw
throughout all the years of evaluation (38-57 cm).
Increasing lodging resistance is one of the main ways
to increase grain yield and quality. In 1998-1999, all DH
lines showed resistance to lodging of 9 points (within
scale 1-9, where 9 — very resistant). In the rainy 2000
year, DH lines had lodging resistance of 4-9 points. DH
lines 7533-26, 7456-39 and 7456-33 had the best lodging
resistance (7-8 points).

Tillering is one of the key components for high
yield formation (Begum and Khatun, 1997). Tillering
coefficient ranged between 2 and 5 depending on the
year. Very poor tillering was in the dry 1999 year. The
best tillering was shown by DH lines 7533-26, 7456-21
and 7533-66 (Table 1). But they weren’t significantly
superior to the control variety ‘Ula’.

Maturity time ranged between 72 and 92 days

Table 1
Agronomic traits of spring barley DH lines, average for 1998-2000
DH line Plant height, Tillering Maturity, Grain yield, t ha™
cm coefficient days 1998 1999 2000 average
Ula- st. 64 3.8 77 4.77 3.37 6.16 4.77
7533-26 50 4.4 83 4.14 2.56 4.61 3.77
7533-32 55 3.6 83 3.70 3.03 5.11 3.95
7533-24 67 3.8 82 4.35 2.49 5.49 4.11
7533-66 68 4.0 80 3.85 2.72 4.39 3.65
7533-34 66 3.6 80 4.28 2.83 4.86 3.99
7456-39 63 3.6 81 4.65 2.62 6.03 4.43
7456-46 67 3.8 82 3.98 2.56 5.13 3.89
7456-10 67 3.8 82 4.20 3.22 4.56 3.99
7456-21 64 44 81 4.80 3.15 4.72 4.22
7456-33 67 3.2 82 4.25 3.27 5.15 4.22
LSDys 16.4 1.08 6.6 1.21 1.30 1.16 1.26
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Yield components of spring barley DH lines, 1998-2000

Table 2

Spike length, Grains per Grain weight 1000 kernel | Volume weight,
DH line cm spike per spike, g weight, g g I

min | max min max min max min max min max
Ula- st. 6.4 7.0 18.1 21.8 1.00 1.24 51.8 56.5 684 704
7533-26 | 6.1 6.7 16.3 21.4 0.60 0.81 39.5 45.5 651 669
7533-32 | 6.8 7.9 17.8 23.5 0.80 0.98 42.2 44.5 621 669
7533-24 | 6.4 9.3 17.5 26.2 0.80 1.31 44.8 47.5 675 685
7533-66 | 6.6 7.5 18.1 23.0 0.60 1.11 42.8 47.0 650 693
7533-34 | 5.5 8.5 14.9 25.5 0.60 1.29 42.8 46.8 650 675
7456-39 | 6.7 8.7 18.4 24.9 0.8 1.39 47.2 52.5 623 683
7456-46 | 8.2 9.9 19.5 26.3 1.00 1.41 48.2 49.0 656 695
7456-10 | 7.7 8.4 19.5 22.8 1.00 1.27 48.0 52.5 665 695
7456-21 | 7.5 9.3 17.7 23.3 0.80 1.24 48.2 49.8 665 683
7456-33 | 7.4 9.2 19.1 24.3 0.80 1.40 48.0 52.2 664 701

depending on the year and line. The longest maturity
time was in 1998 (77-92 days). In the dry year of 1999,
DH lines of spring barley matured very early (72-74
days) (Table 3). All DH lines matured later than the
control variety ‘Ula’ (77 days). A higher variation,
according to average maturity time, was among the DH
lines from genotype No. 7533 (80-83 days), compared
with genotype No. 7456 (81-82 days) (Table 1).

Evaluation of individual yield components showed
that yield differences were caused by variations in spike
productivity (spike length, grain per spike, grain weight
per spike), 1000 kernel weight and plant number per
plot (Flasarova and Onderka, 1997; Nadziak et al., 1996;
Prakash and Sastry, 1997). Weather conditions in 1999
(dry) and 2000 (wet) influenced the plant growth and
development, and associated processes of the
formation and reduction of yield components.

Number of grains per spike is an important
component of high productivity. It ranged between 14.9
and 26.3 depending on the year (Table 2). The highest
grain number was distinguished in DH line 7456-46
(23.8). This line significantly surpassed control variety.
Figure 1 shows average data of yield components of
spring barley DH lines.

Spike length ranged between 5.5 and 9.9 cm
depending on the year (Table 2). DH lines 7456-46, 7456-
21,7456-33 significantly surpassed control variety. The
DH line with longest spike — 7456-46 (9.3 cm) — was
also characterized with the highest grain number per
spike (Fig. 1).

Grain weight per spike ranged between 0.6 and
1.41 g depending on particular years (Table 2). DH lines
7456-46 and 7456-10 were the best (1.14-1.24 g) (Fig. 1).

1000 kernel weight ranged between 39.5 and 56.5 g
depending on the year and line (Table 2). Analyses of
1000 kernel weight showed that all the spring barley
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DH lines had smaller grains than control variety ‘Ula’.
But DH lines, produced from spring barley genotype
No. 7456, were characterized by a higher 1000 kernel
weight (47.2-52.5 g) than produced from No. 7533 (39.5-
47.5). Volume weight ranged from 621 to 704 g 1!
depending on the year, however DH lines did not
surpass control variety ‘Ula’.

Investigation showed, that the key grain yield
components of the spring barley DH lines were the
number of grains per spike and 1000 kernel weight.
After three-year evaluation, 4 DH lines — 7533-26, 7456-
39, 7456-33, 7456-46, superior by agronomically valuable
traits, were selected for breeding purposes. Selected
DH lines were passed on to long-term seed storage in
the Lithuanian Genebank as valuable genetic material.

Variability of examined traits in spring barley DH
lines was established on the basis of analysis of
averages of lines and years. Variability of traits was
characterized by the coefficient of variation (V %).
Medium and low variability was established for the
grain yield and its main components of the spring barley
DH lines. Medium variability was found for the grain
weight per spike (coefficient of variation 15.0-19.4%)
and spike length (coefficient of variation 11.4-13.1 %).
Low variability was found for the grain yield (coefficient
of variation 8.4-11.4 %) and plant height (coefficient of
variation 8.6-11.2 %). The lowest variability was found
for the time of maturity (coefficient of variation
1.1-4.8 %), and volume weight (coefficient of variation
2.2-3.6 %) (Table 3). Variability of volume weight in
spring barley varieties and breeding lines was recorded
as rather low in other investigations as well
(Masauskiené et al., 2001). The variation of grain yield
and its main components depended on meteorological
conditions of the year and genetical background.
Assessment by reliable interval of minimal and maximal
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Table 3
The variation of agronomic traits of spring barley DH lines, 1998-2000
Mean Standard Means of data Means of data at 05 Standard Coefficient
Year result, | error of the level of probability deviation, of variation,
X mean, Sx min | max min max S V %
Grain vield, t ha’
1998 4.27 0.11 3.70 4.80 4.03 4.51 0,36 8.4
1999 2.89 0.10 2.49 3.37 2.67 3.11 0,32 11,2
2000 5.11 0.18 4.39 6.16 4.72 5.50 0,58 114
X 4.09 3.65 4.77 3.88 4.30
Plant height, cm
1998 71.0 2.40 55 78 65.6 76.4 7.97 11.2
1999 454 1.18 38 53 42.7 48.0 3.91 8.6
2000 73.8 2.44 57 82 68.4 79.3 8.10 11.0
X 63.4 50 68 59.6 67.3
Time of maturity, days
1998 89.7 1.31 77 92 86.8 92.6 4.34 4.8
1999 73.4 0.24 72 74 72.8 73.9 0.81 1.1
2000 80.2 0.75 76 84 78.5 81.8 2.43 3.1
X 81.2 77 83 80.0 82.3
Volume weight, g 1"
1998 664 5.61 623 694 651.5 676.5 18.62 2.8
1999 682 4.42 656 704 673.0 692.7 14.68 2.2
2000 670 7.17 621 695 654.3 686.3 23.79 3.6
X 672 646 694 663.0 681.7
1000 kernel weight, g
1998 48.3 1.36 39.5 54.2 45.3 51.3 4.50 9.3
1999 47.3 0.63 44.5 51.8 45.9 48.7 2.10 4.4
2000 47.6 1.50 40.0 56.5 44.2 50.9 4.98 10.5
X 47.7 41.7 54.2 45.3 50.2
Spike length, cm
1998 8.2 0.33 6.4 9.8 7.5 8.9 1.08 13.1
1999 6.8 0.24 5.5 8.2 6.3 7.4 0.78 11.4
2000 8.0 0.28 6.7 9.9 7.4 8.6 0.92 11.5
X 7.7 6.4 9.3 7.2 8.2
Grain number per spike
1998 23.6 0.62 20.0 26.3 22.2 25.0 2.06 8.74
1999 17.9 0.41 14.9 19.5 17.0 18.8 1.37 7.63
2000 22.8 0.40 21.0 25.7 21.9 23.7 1.33 5.83
X 214 19.7 23.8 20.7 22.2
Grain weight per spike, g
1998 1.2 0.06 0.8 1.4 1.1 1.3 0.20 16.2
1999 0.8 0.05 0.6 1.0 0.7 0.9 0.15 19.4
2000 1.1 0.05 0.8 1.3 1.0 1.2 0.16 15.0
X 1.0 0.7 1.2 0.9 1.1

data, when the differences arisen from diversity of lines
are larger than year differences, showed a greater
influence of genetical background of the line, compared
with meteorological conditions. The trait, which was
mostly influenced by the genetical background, was
the 1000 kernel weight. Equally influenced by genetical
background and meteorological conditions was volume
weight. The impact of meteorological conditions on
variability of plant height, time of maturity and grain

LLU Raksti 10 (305), 2004, 26-31

yield was of greater importance compared with the in-
fluence of genetical background.

Conclusions

1. After three year evaluation, 4 DH lines superior
by agronomically valuable traits, were selected for
breeding purposes: spring barley DH line 7533-26 was
distinguished by a short straw, satisfactory tillering,
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Fig. 1. Yield components of spring barley
DH lines, average for 1998-2000.
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and good lodging resistance; DH line 7456-39 was dis-
tinguished by a high yield, 1000 kernel weight, and
lodging resistance; DH line 7456-33 was distinguished
by spike length, high 1000 kernel weight, resistance to
lodging; DH line 7456-46 was distinguished by spike
length, high grain number per spike, and high grain
weight per spike.

2. DH lines 7533-26, 7456-39, 7456-33, 7456-46 were
passed on to long-term seed storage in the Lithuanian
Genebank as valuable genetic material.

3. The variability of traits was characterized by the
coefficient of variation. Medium variability was found
for the grain weight per spike (coefficient of variation
15.0-19.4 %). The lowest variability was found for the
time of maturity (coefficient of variation 1.1-4.8 %), and
volume weight (coefficient of variation 2.2-3.6 %).

4. The results showed that impact of meteorological
conditions on variability of plant height, time of maturity
and grain yield of spring barley DH lines was of greater
importance compared with the influence of genetical
background.
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Anotacija
Lai palielinatu vasaras miezu (Hordeum vulgare) selekcijas efektivitati, tiek izmantotas dazadas biotehnologijas

metodes. Kops$ 1996. g. Lietuvas Zemkopibas institiita tick lietota puteks$nu kultiiru metode, lai raditu dihaploidas
(DH) miezu Iinijas, izmantojot Lietuvas izcelsmes genotipus. No 1998. [idz 2000. g. novertgtas $o liniju razas un
citas agronomiskas ipasibas. P&c trisgadigiem datiem, talakajam selekcijas darbam ar vertigam agronomiskajam
Tpasibam atlasitas 4 DH Iinijas: 7533 — 26, 7456 — 39, 7456 — 33, 7456 — 46. Tam raksturigi 1si sticbri, apmierinosa
ceroSana, laba veldres izturiba, raza, 1000 graudu masa un labs varpas garums, augsts graudu skaits un svars no
varpas. Linijas bija icklautas konkursa $kirnu salidzinajuma un vasaras miezu selekcijas programma. Dihaploidas
linijas tiks nodotas ilgtermina s€klu glabasanai Lietuvas génu banka. Novértgjot DH liniju ipasibas, konstatgts,
ka meteorologisko apstaklu ietekme uz auga garuma, nogatavosanas laika, 1000 graudu masas un razas mainibu
ir nozimigaka neka genotipa ietekme.
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KvieSu maizes ar auzu un griku miltu piedevu sensora novertesana
Sensory Evaluation of Wheat Bread with Oat and Buckwheat Addition

Dace Klava, Envija Strautniece, Daina Karklina
LLU Partikas Tehnologijas fakultate, e-pasts: dore@cs.llu.lv
Faculty of Food Technology, LLU, e-mail: dore@cs.llu.lv

Abstract. One of the possibilities to make healthier bread is to substitute part of wheat flour by oat flour.
However, addition of the oat or buckwheat flour produces changes in the bread sensory properties. The purpose
of this study was to evaluate the main sensory properties (color, flavor, aroma, structure, porosity) of wheat
bread with oat or buckwheat flour addition. Five samples of bread were evaluated by sensory methods (hedonic
scale and line scale). The results of hedonic scaling indicated that there was no difference in the degree of liking
among pure wheat bread and bread with oat or buckwheat flour. The line scale was used to evaluate the intensity
of sensory properties of bread samples. The results demonstrated that the difference in color was among pure
wheat bread and wheat bread with 10% and 15% of buckwheat. No difference in color, flavor, aroma, structure and

porosity was observed among wheat bread samples with 10% and 20% of oat flour.
Key words: wheat bread, oat bread, buckwheat bread, sensory evaluation.

Ievads

Aizvien vairak cilvéku pievers uzmanibu veseligam
jeb funkcionalam uzturam, kura viens no pamat-
principiem ir lidzsvara ievéro$ana starp energiju, kuru
cilvéks patéré dzives norises procesos, un energiju,
kuru uznem ar uzturvielam. Paslaik tik plasi lictojamais
termins “funkcionala partika” radies 20. gs. aston-
desmitajos gados Japana. Partikas produktu razotaji ta
nosaukusi produktus, kuriem pievienotas sastavdalas,
lai paaugstinatu partikas produktu nozimi veselibas
uzlabo§ana (Hilliam,1998).

Maize ir loti nozimigs graudaugu produkts cilvéka
uztura. Lietojot uztura parsvara kvieSu maizi no smalki
maltiem miltiem, cilvéks nepietickami uznem vitaminus,
mineralvielas un skiedrvielas. Tradicionalie panémieni,
lai palielinatu kviesu maizes uzturvertibu un pieskirtu
tai funkcionalas Tpasibas, ir miklai pievienot
galvenokart kviesu klijas vai rupji maltus graudus. Ka
alternativa var€tu biit auzu vai griku miltu pievieno$ana
kviesu miltiem, tad€jadi paaugstinot maizes funkcionalo
vertibu. Tomer literatlira sastopami dati par sensoro
1pasibu izmainam, kvieSu maizei pievienojot auzu vai
kadu citu skiedrvielam bagatu produktu.

Izveloties un lietojot uztura maizes izstradajumus,
paterétajam vissvarigakas ir produkta sensoras
Tpasibas, kuras kompleksi uztver cilvéka manu organi.
Tapéc jaunos maizes izstradajumos nepieciesams
novertet to sensoras ipasibas un noskaidrot patérétaju
attieksmi.

P&étijuma mérkis bija jaunajiem kvie$u maizes
izstradajumiem ar 10%, 20% auzu vai 10%, 15% griku
miltu piedevu veikt sensoras analizes, izmantojot
emocionalas un raksturojo$as metodes.
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Materiali un metodes

Kviesu maizei ar 10%, 20% auzuun 10%, 15% griku
miltiem tika veikts kontrolcepiens, izmantojot a/s “Rigas
Dzirnavnieks” a/l kvieSu miltus (lipeklis 28%, mitrums
13.5%, pelnvielu saturs 0.55%), griku miltus (mitrums
14%, pelnvielu daudzums 2.54%) un auzu miltus
(mitrums 14.2%, pelnvielas 1.55%), un papildizejvielas:
pres€tais maizes raugs, cukurs, sals un tdens.
Izmantotas receptiiras apkopotas 1. tabula.

Sensorajai novertésanai tika iesniegti 5 maizes
paraugi:

A —kontrole 100% kvieSu milti,

B —90% kviesu milti + 10% auzu milti,

C —80% kviesu milti +20% auzu milti,

D —90% kvie$u milti + 10% griku milti,

E —85% kvie$u milti + 15% griku milti.

Maizes sensoras ipasibas (krasu, aromatu,
smarzu+garsu, struktiru, porainibu) novertgja ar
raksturojoso metozu Iinijskalu, bet maizes patikSanas
pakapi ar emocionalo metozu h&donisko skalu (Poste,
Mackie, 1991).

Heédoniskaja vértéSana katram paraugam izmanto
atsevisku 9 punktu skalu:
arkartigi patik;
loti patik;
vidgji patik;
mazliet patik;
ne patik, ne nepatik;
mazliet nepatik;
vidgji nepatik;
loti nepatik;
arkartigi nepatik.
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1. tabula/Table 1

Kontrolcepiena receptiiras
Recipies of samples for baking test

Sastavdalas
Composition
Kviesu Auzu Griku milti/ | Raugs/ | Sals/ | Cukurs/ | Udens/
Paraugi milti/ milti/ Buckwheat | Yeast Salt, Sugar, Water,
Samples Wheat | Oat flour, flour g g g ml
flour, g g
g
Kontrole/ 2000 - 40 40 40 1176
Control
Kviesu m.+auzu m.10%/ 1800 200 - 40 40 40 1261
Wheat + oat 10%
Kviesu m.+auzu m.20%/ 1600 400 - 40 40 40 1158
Wheat + oat 20%
Kviesu m.+griku m.10%/ 1800 - 200 40 40 40 1290
Wheat + buckwheat 10%
Kviesu m.+griku m 15%/ 1700 - 300 40 40 40 1360
Wheat + buckwheat 15%

Krasa/Color

Aromats/Aroma
|

GarSa-smarza/Flavor
|

Strukttira/ Structlure

Porainiba/Poroslity

1. att. Linijskalas.
Fig. 1. Line scales.

Lai novertétu maizes sensoro 1pasibu intensitati,
izmanto Iinijskalu (1. att€ls), kas sastav no 15 cm garas
horizontalas taisnes, uz kuras iezimeti divi punkti, katrs
1.5 cm attaluma no abiem taisnes galiem.

Iezim&tos punktus apzime ar izteicienu (nav izteikta,
loti intensiva). Katras sensoras Ipasibas verteésanai
izmanto atsevisku skalu. Vertetaji atZime savu vertgjumu,
iezZimgjot vertikalu Iiniju $k&rsam horizontalajai lnijai
taja punkta, kas labak atspogulo veértétaja uztverto
sensoras 1pasibas lielumu. P&c tam, kad verteSana
pabeigta, izmera attalumu no kreisa galapunkta Iidz
atzimeli, ko izdarijis vertetajs (Poste, Mackie, 1991).
Sensora veértésana notika LLU Partikas Tehnologijas
fakultates Partikas produktu sensoraja laboratorija, un
taja piedalijas 29 speciali vertetaji (5 viriesi un 24
sievietes; vid€jais vecums 22 gadi). Katram vertétajam
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vienlaicigi izsniedza piecus pilnigi vienadi noformétus,
§ifré€tus maizes paraugus. Sensoras novert€sanas
rezultatus izverte ar statistiskajam metodeém: vienfaktoru
dispersijas analizi un Tjikija testu (Arhipova, Ramute,
Paura, 1998).

Rezultati un diskusija

Heédoniskas vértésanas rezultati, kas norada maizes
patikSanas pakapi, atspoguloti 2. attéla.

Izmantojot hedonisko skalu, tika iegtiti rezultati, kas
norada produkta patikSanas pakapi jaunajiem maizes
paraugiem.

legtitie rezultati rada, ka hedoniskais novertgjums
ir robezas no 5.8+0.3 (ne patik, ne nepatik) lidz 6.6+0.3
(vidgji patik).

Izvertgjot sensoros vertesanas rezultatus ar disper-

33



D. Klava et al. KvieSu maizes ar auzu un griku miltu piedevu sensord novertéesana

6,8

6,6

6,4

6,2

scale

6

5,8

5,6

5.4

Hedoniskas skalas vértibas / Values of hedonic
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2. att. Maizes paraugu hédoniskas novertésanas rezultati: A —kontrole 100% kvieSu milti;
B —90% kvieSu milti + 10% auzu milti; C — 80% kviesu milti + 20% auzu milti;
D —90% kvieSu milti + 10% griku milti; E — 85% kvieSu milti + 15% griku milti.
Fig. 2. Hedonic scores for the five bread samples: A — control 100% wheat flour;
B —90% wheat flour + 10% oat flour; C — 80% wheat flour + 20% oat flour;
D —90% wheat flour + 10% buckwheat flour; E — 85% wheat flour + 15% buckwheat flour.

2. tabula/Table 2

Maizes paraugu hédoniska vértéjuma dispersijas analizes rezultati
Results of analysis of variance of bread samples using hedonic scale

Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas FiSera kritérijs/
avots/Source of | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
variation df SS Mean square, F
MS
Maizes veidi/ 4 12.75 3.18 1.45
Treatments
Klada/ 135 296.78 2.19
Error
Kopa/ 139 309.54
Total
0<0.05

sijas analizi, tika noskaidrots, vai pastav bitiska
atskirtba patikSanas zina, starp eksperimentalajiem
maizes paraugiem. legiitie rezultati apkopoti 2. tabula.

legiito rezultatu dispersijas analize paradija, ka
F=1.45 neparsniedz F _, =2.43 (n =4, n,=135), tapéc
nepastav biitiskas atSkiribas starp maizes paraugiem
patikSanas zina. Tas nozimé, ka vertétaji nav devusi
priekSroku nevienam no pieciem maizes paraugiem.

Izmantojot linijskalu, maizes paraugiem tika vertetas
galvenas sensoras Ipasibas: krasa, aromats, garsa-
smarza, struktiira, porainiba, kas papildus at]auj
salidzinat jauno maizes izstradajumu sensoras Ipasibas
ar kontroles parauga 1pasibam.

Maizes paraugu krasas novertejuma dispersijas
analizes dati atspoguloti 3. tabula.
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Dispersijas analizes rezultati rada, ka F =2.58 ir lielaks
parF, =2.54 (n=4,n,=135), tade] var secinat, ka starp
pieciem maizes paraugiem krasas intensitates zina ir
butiskas atSkiribas. Jauno maizes paraugu krasas
intensitati iespaido pievienotie auzu un griku milti.
Izmantojot Tjukija testu, tika noskaidrots, ka biitiskaka
atSkiriba ir starp kontroli (A) un paraugu ar 10% griku
miltu piedevu (D) un maizes paraugu ar 15% griku miltu
piedevu (E). AtSkiriba pastav arT starp paraugu ar 10%
auzu miltu piedevu (B) un 15% griku miltu piedevu (E).
Pievienojot kvieSu miltiem griku miltus, kas ir tumsaki,
maizes mikstums iegilist pelécigu, griku miltiem
raksturigu nokrasu. Ta ka auzu milti ir pelecigi balti,
tad, pievienojot tos kvieSu miltiem, maizes mikstuma
krasas intensitate butiski nemainas.
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Krasas noveértéjuma dispersijas analizes rezultati
Results of analysis of variance of colour

3. tabula/Table 3

Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas Fisera kriterijs/
avots/Source | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
of variation df SS Mean square, F
MS
Maizes veidi/ 4 60.29 15.07 2.58
Treatments
Klada/ 135 786.84 5.82
Error
Kopa/ 139 847.13
Total
0<0.05
4. tabula/Table 4
Aromata novertéjuma dispersijas analizes rezultati
Results of analysis of variance of aroma
Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas Fisera kriterijs/
avots/Source of | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
variation df SS Mean square, F
MS
Maizes veidi/ 4 17.58 4.39 0.83
Treatments
Klada/ 135 711.84 5.27
Error
Kopa/ 139 729.42
Total
0<0.05
5.tabula/ Table 5
GarSas+smarZas novértéjuma dispersijas analizes rezultati
Results of analysis of variance of flavour
Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas Fisera kriterijs/
avots/Source of | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
variation df SS Mean square, F
MS
Maizes veidi/ 4 43.39 10.85 2.13
Treatments
Klada/ 135 687.45 5.09
Error
Kopa/ 139 730.84
Total
0<0.05

Sensori novertetie maizes paraugi péc krasas
intensitates sakartojami $adi:

Aa Bas  Cas  Ds Es
7.2 6.6 6.4 5.8 53
Ar vienadu burtu apzimétie vertgjumi nav butiski
atskirigi.

Apskatot hédoniskas skalas rezultatus (2. attéls),
var secinat, ka maizes mikstuma tums$aka krasa
neietekm@ paterétaju vert€jumu maizes izstradajumiem
ar griku miltiem.
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Auzu un griku miltu specifisko aromatu dgl,
pievienojot tos kviesu miltiem, varetu izmainities maizes
izstradajumu aromats, tade] bija nepiecieSams veikt
aromata intensitates sensoro novertejumu. legttie
rezultati apkopoti 4. tabula.

Sensoro datu izveértejums ar dispersijas analizi
parada, ka aromata biitiskas atskiribas starp kontroli
un jaunajiem maizes izstradajumiem nepastav, jo F=0.83
ir mazaks par F, . =2.54 (n,=4,n,=135).

Izvertgjot kompleksas Ipasibas garSatsmarza
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Struktiiras novertejuma dispersijas analizes rezultati
Results of analysis of variance of structure

6. tabula/Table 6

Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas Fisera kriterijs/
avots/Source | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
of variation df SS Mean square, F
MS
Maizes veidi/ 4 21.27 5.31 1.16
Treatments
Kluda/ 135 614.94 4.55
Error
Kopa/ 139 636.21
Total
a<0.05
7. tabula/Table 7
Porainibas novéertejuma dispersijas analize
Results of analysis of variance of porosity
Dispersijas Brivibas pakape/ Kvadrata summas/ Vidgjas vertibas Fisera kriterijs/
avots/Source | Degree of freedom, Sum of squares, kvadrats/ Variance ratio,
of variation df SS Mean square, F
MS
Maizes veidi/ 4 6.45 1.61 0.35
Treatments
Kluda/ 135 616.32 4.56
Error
Kopa/ 139 622.77
Total
0<0.05

Porainiba / Porosity -

Struktiira / Structure

——A

—a—B

Krasa / Colour
8,00 .

——C

=D

—o—E

. Aromats / Aroma

GarSat+smarza / Flavour

3. att. Maizes paraugu sensoro 1pasibu lielumu staru diagramma: A —kontrole 100% kvie$u milti;
B —90% kviesu milti + 10% auzu milti; C — 80% kvieSu milti +20% auzu milti; D — 90% kvieSu milti + 10%
griku milti; E —85% kvieSu milti + 15% griku milti.
Fig. 3. Star diagram of sensory attributes intensity for bread: A — control 100% wheat flour; B —90%
wheat flour + 10% oat flour; C — 80% wheat flour + 20% oat flour; D — 90% wheat flour + 10% buckwheat
flour; E — 85% wheat flour + 15% buckwheat flour.
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dispersijas analizes rezultatus (5. tabula), redzams, ka
F=2.13 ir mazaks par F_ =2.54 (n,=4, n,=135), tatad
gar§at+smarza verteétiem kontroles un eksperimen-
talajiem paraugiem butiskas atSkiribas nepastav.

Pievienojot auzu vai griku miltus kvieSu miltiem,
var maintties maizes struktiira un porainiba. Tadel ar
sensoro analizu palidzibu tika noskaidrots, ka $is
izmainas ietekm€ jauno maizes izstradajumu struktiiru
un porainibu. legitie rezultati apkopoti 6. un 7. tabula.

Struktiiras novertéjuma dispersijas analizes rezultati
parada, ka F=1.16, tas ir mazaks par F,_ =2.54 (n =4,
n,=135), lidz ar to var secinat, ka lai arT sastava izmainas
jaunajos maizes paraugos pastav, struktiiras zina nav
biitisku atskiribu, salidzinot ar kontroles paraugu no
kvieSu miltiem.

Izvertgjot porainibas intensitates dispersijas
analizes rezultatus, ir redzams, ka F=0.35 ir mazaks par
F,,=2.54 (n=4,n,=135). No ta var secinat, ka pievienota
10%, 20% auzu vai 10%, 15% griku miltu piedeva
neietekmg jauno izstradajumu porainibu, salidzinot ar
kontroles paraugu.

Maizes paraugu sensoro 1pasibu lielumi attéloti
staru diagrammas 3. attcla.

Maizes kvalitates sensorais novertéjums parada,
ka nepastav bitiskas atSkiribas patikSanas zina starp
kvie$u maizi un jaunajiem maizes izstradajumiem ar auzu
un griku miltiem. Rezultati rada, ka nav butiskas izmainas
sensoro Tpasibu (aromata, gar§as+smarzas, struktiiras
porainibas) intensitaté starp kontroles paraugu un
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maizes izstradajumiem ar auzu vai griku miltiem. Krasas
zina pastav atSkiriba starp kontroles paraugu un
paraugiem ar griku miltiem.

Secinajumi

1. Maizes kvalitates sensorais novértéjums lauj
secinat, ka nepastav buitiskas atskiribas patiksanas zina
starp kviesu maizi un maizes izstradajumiem ar 10%,
20% auzu vai 10%, 15% griku miltiem, jo dispersijas
analizes rezultata F=1.45 unneparsniedz F, , .=2.43.

2. Secinats, ka atskiriba krasas zina ir starp kontroles
paraugu un maizi ar 10% griku miltiem un 15% griku
miltiem, kas izskaidrojams ar griku miltu specifisko
tumso nokrasu.

3. Novéertgjot sensoras Ipasibas, secinats, ka
aromata, garSastsmarzas, strukttiras un porainibas
intensitate nav butiski mainijusies, kvieSu miltiem
pievienojot 10%, 20% auzu vai 10%, 15% griku miltus.
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Procesu kontroles un razosanas monitoringa sistémas
partikas uznemumos
Process Control and Monitoring of Production in
the Food Industry

Juris Vanags
A/S Biotehniskais Centrs, http: /www.innovation.lv/btc
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Abstract. The application of process control in the food industry is demonstrated, exemplified by the milk
pasteurization process. The application task of this automated system was to optimize the production process
according to the HACCP principles. Automation is based on the BASIC programmable process controller and

the process visualization program “DATU CENTRS”.

Key words: process control, food industry, milk pasteurization, controllers.

Ievads

Viens no galvenajiem nosacijumiem, lai produkti
iegiitu pirc€ju pieprasijumu, ir to pienemama un
nemainiga kvalitate. Seviski aktuali tas ir valstis, kur
vel nav pilnigi pabeigta tirgus formesanas. Tatad ari
Latvija raZotajam Siem jautajumiem ir japievers ipasa
uzmaniba. M&dz biit gadijumi, kad labs produkts
neiekaro stabilas pozicijas tirg, jo epizodiski pardosSana
tas paradas ar kvalitates novirzém. Samgera biezi ka viens
no $adu novirzu iemesliem ir nepietickama razosanas
procesu stadiju kontrole un vadiba. Teorétiski cilvéks
var nodro§inat rutinu procesa vairak atkartojosu
operaciju izpildi, tacu vins var kludities un §1kluda (ari
vienreiz&ja) var radit produkta partiju ar kvalitates
novirzém. Tapéc svarigi ir nodrosinat nepartrauktu
razoSanas procesu kontroli un datu arhivé$anu, jo tada
gadijuma, ja ari paradisies kltida, tad ta tiks uzskaitita,
un tada gadijuma ir iesp&jas $o produktu, piemeram,
paklaut atkartotai parstradei. Svarigi ir nodro§inat
razoSanas procesa nepartrauktu monitoringu. Ja
tehnologija ir atbilstoSa, produkta kvalitate tiek
nodro$inata. Veicot razoSanas procesa monitoringu, ir
vieglak noteikt razoSanas procesa “vajas” vietas. Tiek
pienemts lémums par procesa stadijas pilnveidoSanu,
produkta kvalitates garantijas palielinasanai. Katra
razotné realizacija var biit atskiriga, bet mérkis (t.i.,
procesa nemainiga kvalitate) kopgjs.

Balstoties uz Koksnes Kimijas institiita veiktajiem
petijumiem (Vanags, Viesturs, 2001a; Vanags, Viesturs,
2001c), a/s “Biotehniskais centrs” ir izstradajis un
ieviesis razoSanas montoringa un/vai procesa kontroles
vadibas sist€émas vairakos partikas parstrades
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uzn€mumos: a/s “Latvijas Balzams”, SIA “Spilva”, a/s
“Cesu Alus”, a/s “Rigas Raugs”, SIA “Velte Eko”, a/s
“Rigas Dzirnavnieks”, a/s “Limbazu Piens”, a/s “Rigas
Piensaimnieks”, a/s “Laima” (Vanags, Viesturs, 2001b;
Vanags, 2002).

Saja raksta ka piemérs apskatita procesa auto-
matizacijas modifikacija piena pasterizacija a/s “Limbazu
Piens”. Apskatitaja gadijuma automatizacijas sistéma
tika izstradata razoSanas procesa pilnveidoSanai
saskana ar HACCP principiem (Blija et al., 1999; 2002;
Karklite, Blija, 1999), izmantojot vispargjas piena
parstrades tehnologijas (Hui, 1993; Varnam, Sutherland,
1994; Dairy Processing Handbook, 1995; Spreer, 1995;
Walstra et al., 1999), tant skaita LLU PTF izstradnes
(Ozola, Ciprovica, 2002). Visiem pasterizacijas procesu
HACKCEP kartes kritiskajiem punktiem tika izveidota pasa
kontrole, kas ar1 bija §1 darba galvenais uzdevums.

Materiali un metodes

Piena pasterizacijas Iinijas automatizacijas
kontroliera apraksts

Piena pasterizacijas linijas kontrolieris ietver $adas
iespejas:

1) separgsanas rezima cikla automatisku izpildi;

2) mazgaSanas reZima cikla automatisku izpildi;

3) temperatiiras reZimu automatisku kontroli atkariba
no razojama produkta;

4) avarijas situaciju automatisku kontroli;

5) procesa kontroli un vadibu ar operatora panela
palidzibu;

6) datu apmainas iesp&jas ar PC, kur§ nodrosina
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Vﬁlrsti Cikla etapu ilgums
Valves Cycle stage duration
Y1
Y2
Y3
T T2 T3 Izmes
< e ><¢ P z_mesana
Skalosana MitrinaSana T4| Discharge
Washing Moistening

1. att. Separg€Sanas un mazgasanas ciklu grafiki.
Fig. 1. Plots of separation and washing cycles.

procesa vizualizaciju un arhivésanu.

Piena pasterizacijas Itnijas automatiskaja kontrole
tiek izmantoti $adi piena pasterizacijas linijas elementi:

1) piena separators;

2) 3 udens padeves varsti separatora vadibai
(Y1,Y2,Y3),

3) piena siiknis no starptvertnes uz plaksni;

4) cirkulacijas varsts;

5) karsta tidens stiknis pasterizacijai;

6) tvaika varsts pasterizacijai;

7) karsta tidens siiknis siera piena uzsildiSanai;

8) tvaika varsts siera piena uzsildiSanai;

9) limenis starptvertng;

10) Cetri temperattiras deveji.

Kontrolieris veidots uz BASIC TIGER (razotajs
“Wilke Technology GmbH” (Vom Berg, 1999)) tipa
procesora bazes un ietver sevi interfeisa paneli piena
pasterizacijas linijas tehnisko Iidzeklu pieslégsanai un
operatora paneli, kas nodrosina dialogu ar operatoru
procesa kontrolei un vadibai. Sada procesora izvéle ir
saistita ar iesp&ju elastigi mainit programmas parametrus
un tekstu. Kontrolieris nodrosina sakaru Itniju ar PC.

Laika intervalus T1, T2, T3, T4 iesp&jams ieregulét
un izmainit no operatoru panela.

Uznémuma piena pasterizacijas kvalitates kontrolei
tiek lictota HACCP karte, saskana ar kuru pasterizacijas
kritiskie punkti (parametri) ir pasterizacijas temperatiira,
pasterizacijas un separacijas procesa tehnologisko ciklu
laiki. Visiem $iem kritiskajiem punktiem tika pievérsta
papildus uzmaniba, izmantojot aug§min&tos dev&jus
un kontroles sisteému.

Rezultati

Procesa vadibas visparéja shéma

Atkariba no izvéleta produkta — piena, kefira vai
siera — piena kontrolierim janodro§ina pasterizacijas
temperatiiras uzturésana noteiktajas robezas ar uzdoto
precizitati. Siera piena gatavosSanas laika kontrolieris
nodroS§ina ari dzes€$anas temperatiiras uzturé$anu
noteiktajas robezas ar uzdoto precizitati.
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Regulgjamo temperatiiru atseviskiem produkcijas
veidiem paredzgts ieregul€t un izmainit no operatoru
panela.

Kontrolieris nepartraukti seko iespgjamajam avarijas
situacijam. To gadijuma kontrolieris izdod skanas
signalu un attiecigu pazinojumu uz operatoru panela
displeja, ka ari reage uz avarijas situacijam atbilstosi
saskanotajam tehniskajam uzdevumam.

Operatoru panelis nodrosina operatora dialogu ar
kontrolieri, lauj vadit procesu, palaizot vai apturot
dazadus darbibas reZimus, regulét atseviskus sist€mas
parametrus.

Operatoru panela displejs informé par procesa darba
rezimiem, sistémas parametriemun avarijas pazi-
nojumiem.

Dialogs ar operatoru tiek veidots logu forma
(2. att.). Ar vadibas taustinu palidzibu operators izvelas
vajadzigo logu un, atrodoties taja, vai nu sanem
informaciju par procesu, vai ar uz to iedarbojas (palaiz
procesu, iestada parametrus utt.) atbilstosi loga
pazinojumiem. Pieeju atseviskiem logiem iesp&jams
aizsargat ar paroli. Logu saturu un funkcijas iesp&jams
maint.

Kontrolieri paredzéts pieslégt datoram, nodros$inot
datu apmainu. Tadejadi iesp&jams veidot
automatizacijas sistémas, izmantojot datoru ka
instrumentu procesu vizualizacijai un datu arhivésanai.

Datu vizualizacijas programma DATU
CENTRS

Programmas struktiirshéma attélota 3. attela.

Procesa dati no kontroliera caur RS485 magistrali
un RS485-RS232 parveidotaju nonak uz datora virknes
porta. Programma “Datu vacgjs” nodrosSina to
sanemsanu, parbaudi un saglabasanu datu baze.
Programma veido divu veidu datu bazes katram
procesam — procesu saraksta datu baze, kura ir uzskaititi
visi notikusie procesi, un katra procesa datu baze, kura
ir dati par procesa norisi. Procesa datu bazg tiek fikseti
visi notikumi (ventilu stavokli, temperatiiras, utt.).
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Galvenais logs

Main window

Parametru
ieregulésana
Parameter
adjustment
Procesu
izvéle
Process
choice
\ 4

leregul&jamo parametru
uzskaitljums saskana
ar tehnisko uzdevumu

Adjusted parameter
listing in conformity
with technical task

Procesa stavokla
atspogulojums

Process situation
image

Separator  On
Separation On
Washing Off

Separators ~ On
SeparéSana  On
Mazgasana Off
Product Kefir

Produkts kefirs

SeparéSanas reZims ~ Separation regime

Kefirs Kefir
Mitrinasana Moistening
Pasterizacijast 90 Pasteurisation t 90
Produkta t 36 Product t 36

2. att. Kontrolieru displeja logi.
Fig. 2. Controller display windows

Ieraksti datu baze ir kodéti, t.i., katram notikumam ir
savs kods. Programma “Datu centrs” at$ifré Sos
ierakstus, analiz€ tos un izvada informaciju uz ekrana
vajadziga veida, piem., grafikos, ikonas, jeb teksta. Lai
nodro$inatu elastigas atskaites, tiek izmantota atskaiSu
izstrades programma “Crystal Reports 7 PRO%, kas
nodroSina ne tikai augsti kvalitativas, péc
“WYSIWYG” principa veidotas atskaites ar prieks-
apskates iesp&jam, bet arT iesp&ju lietotajam paSam
mainit atskaites izskatu.

Galvenie programmas logi paraditi 4. attela.

Tajos tiek att€lota procesa shéma (ventili, motori,
devgji, caurules, utt.). ST shéma ir “aktiva”, t.i., darba
gaita mainoties kada sh&mas elementa stavoklim,
izmaina redzama ar uz ekrana, piem&ram, motoram
ieslédzoties, mainas ta stavoklis uz ekrana. Papildus
§tm vizualizacijas iesp&jam programma analiz€ ventilu
un motoru stavok]us un saskana ar fizikas likumiem
iezime Skidruma kustibu, iekrasojot tas caurules, pa
kuram saskana ar pieslégto ventilu un motoru
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stavokliem ir japlust Skidrumam, tada veida padarot
procesa analizi uzskatamaku un vienkar$aku. Procesa
gaita tiek registréta speciala “procesu koka”, kura zari
satur informaciju par visa procesa soliem un avarijam.
Papildus procesa avarijas var redzet saraksta veida
avariju loga.

Temperattiru svarstibas var noverot mini grafika,
kura tiek izversta pedeja /2 stunda. Nospiezot detalizeta
skata pogu tiek izsaukts temperatiru grafiku logs
(5. att.).

Taja var redzet lielaku grafiku, kuru lietotajs var
meérogot un izverst. Loga augseja dala atrodas:

— automatiskas grafika izveérses pogas, kas izvers
grafika asis dazados rezimos, piem&ram, p&dgjas
stundas garuma, dienas garuma, utt.;

—pogas, ar kuram var ieslégt/izslégt grafika “restes”;

— grafika izdrukas poga.

Novietojot peles kursoru uz kada grafika punkta un
nospiezot peles kreiso pogu, loga labaja puse var redzget
izveleta punkta laiku un temperatiiras $aja laika punkta.
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Dati no kontroliera
Data from the controller

DATU VACEJS

—

DATA COLLECTOR

Datu bazes arhivi

(—

Archives of data base

DATU CENTRS
DATA CENTER

Il

1l

Atskaites

(Crystal reports 7 PRO)
Reports

(Crystal reports 7 PRO)

Ekrans (vizualizacija)

Screen (visualization)

3. att. Programmas DATU CENTRS struktiira.
Fig. 3. Structure of the DATA CENTER program.

------

2z

2

4. att. Galvenie programmas logi:“plaksnei” (pa kreisi) un “3. kontiirs un sulinas”.
Fig. 4. The program’s main windows: “for the plate” (left) and “circuit 3 and whey”.

Analizgjot uzkratos arhiva datus p&dgja gada laika
(viens piemérs attelots 5. att.), redzams, ka temperatiiras
kontroles sist€mas kopgja inerce ir mainigs lielums, ta
pamata ir atkariga no siltummaina un citam ar ar&jo un
tehnologisko vidi saistitam virsmam, ka ari no plismu
cirkulacijas intensitates. Miisu izveidotajai sisteémai ta
svarstas 8-10 min. robezas, bet mériSanas sistémas
kopgja inerce ir ap 30 sekundém. Ta ka mériSanas
sistemas inerce ir biitiski mazaka par sist€émas pasinerci,
tad merisanas sist€mas pielietojums ir korekts. Turklat
lielako dalu no me@riSanas sist€mas inerces veido
integréSanas laiks, kas programma ir mainams. Relativi
liels integracijas laiks tika izvelg&ts, lai noveérstu
fluktugjosu faktoru nevélamu iedarbibu uz sist€mas
regulaciju.
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Arhivi

Visi procesa gaitas dati tiek saglabati un var tikt
izsaukti pec lietotaja velesanas jebkura laika. Arhivu
var izveleties divos logos (6. att.)

Kreisaja loga, izv€loties kadu konkrétu dienu, var
redzgt visus $aja diena notikuSos procesus. Labaja loga
tiek ievadits mekleSanas periods un noradits produkts.
Kad vajadzigais process atrasts, to var atvért. Atverot
lietotajs redz visu procesu, ieskaitot temperattiru
grafikus, procesa gaitu un avarijas. Vajadzibas gadijuma
lietotajs var izdrukat vajadzigas atskaites.
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5. att. Temperattiru grafiku logs.
Fig. 5. Temperature plot window.
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6. att. Arhtvu izveles logi: procesi pa dienu (pa kreisi) un procesi pa produktiem.
Fig. 6. Archives choice windows: processes within a day and processes in products.

Procesa optimizacijas iespejas saskana ar
HACCP prasibam, izmantojot izstradato
procesa automatizacijas sistemu

Pasterizacijas iekartas automatizacija ar ta procesa
norises uzskaiti nodrosina riska un kritisko punktu ipagu
kontroli un kliidu novérsanu saskana ar HACCP karti.
Isuma atgadinam galvenos HACCP principus, lai
novertétu riska pakapi un izveidotu kontroles sisteému,
kas koncentrgjas uz mérijjumiem kritiskajos punktos,
nevis palaujas vienigi uz gatava produkta analizém. Tie
ir $adi:

—riska identifikacija un riska bistamibas analize;

— kritisko punktu kontroles identifikacija;

—kritisko robezu izveidoSana;

— registracijas darbibas;

— korektivas darbibas;

— ierakstu glabasana;

— parbaudes operacijas.

Misu izstradne ir ne tikai m&rijjumi kritiskajos
punktos, bet arT Ipasa kontroles sist€ma, lai novérstu
iesp&jamas parametru novirzes.
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Seit japiezimé, ka $aja gadijuma HACCP principu
ievérosana pagaidam attiecas tikai uz pasterizacijas
procesu, kas uznémuma ir visriskantakais. Ja uznémuma
ieviest citas stadijas bis jau vieglak, jo personals biis
ieguvis pielietosanas pieredzi.

Dota automatizeta sist€ma fiks€ un kontrol€ ne tikai
pasterizacijas temperatiiru, bet arT citas temperatiiras
(pasterizacijas, karsta fidens uzsildiSanas u.c.), no
kuram ir atkariga sistémas darbiba. Turklat vel datu
uzskaites un vizualizacijas programma fiksé katra
procesa un notikuma laikus, t.i., izpildmehanismu
ieslég8anos/izslégsanos, procesu sakumus un beigas,
avarijas u.c. (7. att.) Vel ka butiska dotas automatiz&tas
sistémas prieksrociba minama iesp&ja elastigi mainit
sisteémas regulacijas parametrus. Rezultata sistéma dod
iespgju konstatet kritiskas vietas savlaicigi, pirms tas
vel nopietni ietekméjusas izejas produkta kvalitati.

Apskatisim dazas situacijas, kadas var izveidoties.

1. Energonesgju (tvaiks, tidens, elektriba) piegades
traucgjumi.
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Beginning of the work
Separation

Washing

Work

Separator switched-off

End of the work

=il Darba sakums
@ 21.08.02 13-44:55
-l Separé¥ana
@ 21,08.02 14:05:27
Eli Skalo¥ana
@ 21,08.02 14:05:27
=1-[T] Darbs
@ 21.08.02 14:06:27
=1-[1] Atslédzies separators
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. @ 21.08.0214:26:56

7. att. Pasterizacijas procesa protokolesana.
Fig. 7. Pasteurization process trace.

Tvaika un Gdens padeves partraukuma gadijuma
netiek nodrosinata kada no primarajam temperatram,
tiek izdots trauksmes signals, un iekartas izpild-
mehanismi tiek ieslégti atkariba no procesa stadijas tada
stavokli, kas nodrosina produkta saglabasanos.

Elektribas partraukuma gadijuma islaiciga kontro-
liera darbiba tiek uzturSta ar nepartraukta barosanas
bloka UPS palidzibu. Ja elektribas padeves partraukums
ir 1ss (lidz 10-15 sekundém), tad sistéma turpina
darboties talak bez izmainam. Ja elektribas partraukums
ir lielaks, tad sist€ma tiek ieslégta noteikta stavokli, tada
veida izvairoties no avarijas un mazinot produkta
sabojasanas iespgju.

Vel ka tipisks gadijums minama tvaika ieejas
spiediena maina, ka rezultata pasterizacijas temperatiira
vairs nav pietickami stabila, t.i., notiek tas svarstibas,
jo proporcionali regulgjosais tvaika ventilis nespgj
izsekot §Tm izmainam. Tam par c€loni var bt tvaika
noplide vai arf cita tvaika patérétaja nesabalanséta
ietekme. Informacija par doto ietekmi atspogulojas
nepartraukta monitoringa grafikos. Informacija norada
uz nepiecieSsamibu sakartot tvaika pievada mezglus
pasterizacijas iekartai.

2. Kvalitates novirzes c€lonu noskaidro$ana.

Secinot, pieméram, ka pirms trim dienam razotai
produkcijai ir novirzes no kvalitates, jaieiet programma
DATU CENTRS un arhiva (kas izveidots kalendara
forma) un jaapliiko procesa norise $ais dienas. No §is
informacijas var redzet, vai temperatiiru rezZimi bijusi
pareizi izveleti un nodro$inati, ka arT dazadu operaciju
un iekartu ieslégSanas/izsleégsanas laikus. Tatad ar $adu
datu analizi var noskaidrot kltidas, ko pielavis iekartas
apkalpotajs (pieméram, nepareizi reguléti temperatiiras
rezimi) vai kas radus$as citu iemeslu dél (piem&ram,
nestabili darbojas kada ickarta).

Seit japiezimg, ka dotaja sistéma ir paredzéta
pictickami nepasterizéta piena atgriec$ana atpakal
sistéma, kas var notikt, ja kadu iemeslu dél nav izdevies
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sasniegt nepiecieSamo pasterizacijas temperatiru
sisteémas izeja. Tada veida tiek noversta nepasterizeta
piena izdo$ana. Sada situacija var izveidoties, ja radusies
probléma tvaika vai Gidens piegad€ vai arT bojajums
proporcionalaja tvaika padeves ventill.

3. Sistémas darbibas novirzes savlaiciga konsta-
téSana.

Ka pieméru var minét silta idens padeves caurules
sienas apaug3anas konstate$anu. Sada gadijuma
temperatiiras diference starp uzsildita tidens tempe-
ratliru un pasterizacijas temperatiiru palielinas. Tas
saistits ar to, ka, apaugot silta tidens padeves caurules
sienam, samazinas caurules siltumparneses koeficients
un caurules efektivais $kérsgriezums, tapéc netick
nodro§inata pietickami efektiva siltumparnese no
caurules uz siltummaina plaksni. Maksimali pielaujama
starpiba starp pasterizacijas temperatiiru un silta idens
padeves temperattiru ir 10°C. Pé&c DATU CENTRA
programmas sniegtas informacijas biis redzams, kad ir
sacies caurules apaugSanas process (tas ir paka-
penisks), — péc starpibas t, - t, izmainas dinamikas. Kad,
aplukojot datorprogrammas pierakstus, kliist redzams,
ka $ai starpibai ir tendence palielinaties, tas nozimes,
ka nepiecieSams savlaicigi cauruli tirit. Ta rezultata
savlaicigi tiks konstatSta kritiska vieta un noversts
sisteémas darbibas traucgjums.

Ka citu pieméru var mingt regulacijas parametru
mainu, ja mainas sistémas pasibas. Datu nepartraukta
uzskaite dod iesp&ju konstatét gan ieturéto tempe-
rattiru liclumus, gan ar temperattiru fluktuaciju lielumu.
Ja sistéma nav optimali piemekl&ti procesa vadibas
parametri, tad regulacija notiek ar vairak vai mazak
izteiktam fluktuacijam. Jebkura sistéma nolietojas, un
tap&c arT mainas izpildmehanismu un sistémas linijas
elementu Tpasibas, ka rezultata, pastavot ieprieks
uzstaditajiem regulacijas PID parametriem, pasterizacijas
linijas darbiba nebiis optimala, t.i., saks paliclinaties
temperatiiras svarstibu amplitida. DATU CENTRA
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monitoringa programma jau savlaicigi “bridinas” par
nepiecieSamibu piekorigét PID regulacijas parametrus.

Paaugstinatas temperatiiras svarstibas (jau virs
+2°C) atstdj neveélamu iespaidu uz izejas piena kvalitati.
No vienas puses, temperatiiras paaugstinajumi piena
svarstibu augs¢jas amplitiidas iedarbibas rezultata
samazina piena recinasanas kvalitati, kas savukart
ietekmé razojama siera kvalitati. No otras puses,
temperatliras svarstibu apaksgjas amplitiidas iedar-
bibas rezultata netick nodro§inata pilniga baktériju
iznicinasana. Sads piens nebiis lietojams turpmakai
apstradei un biis atkartoti japasterizg, kas savukart,
deformgjot piena esosa kazeina kvalitati, ietekm@s siera
kvalitati.

Diskusija

Ka jau mingts, dotajai sisteémai ir iespgja &rti un
uzskatami mainit ieregul&tos parametrus. Tos svarigi
koriggt, mainoties gatavas produkcijas veidam un piena
kvalitatei. Pasterizacijas parametrus izv€las atkariba no
piena analizes rezultatiem, sezonas un laika apstakliem.

Datorizeta uzskaites sistéma padzilina saiti starp
ieejas (piena kvalitate, sezona, laika apstakli) un
pasterizacijas parametriem. Sis saites padzilinasana
izpauZzas tada veida, ka personals precizi fikse ieejas
parametrus, bet datorprogramma arhivé pasterizacijas
procesa norisi un, saistot to ar izejas piena produkta
kvalitati, personals iegilist iemanas p&éc iespéjas
precizaku pasterizacijas parametru izvel€ atkariba no
ieejas raditajiem.

Sada elastiga parametru maina atkariba no piena-
kosa piena Ipasibam ir svariga miisu apstaklos, jo
saimniecibas ir saméra nelielas un Iidz ar to piegadataju
skaits ir liels. Ta rezultata pienako$a piena tauku saturs
un citi raditaji dazadas piena partijas var atSkirties
butiski. Uz So faktoru arzemju piena pasterizacijas
iekartu razotaji lielu véribu nevers, jo $ada situacija nav
tipiska piena parstrades uznémumos pasaulg.

Dotas sistémas ievie$ana veicinaja novirzu
konstatéSanu raZoSanas procesa, ka rezultata savlaicigi
tika veiktas operacijas to noveérSanai. Atkariba no
pienakosa piena parametriem ar lietotajam &rtu interfeisu
tika pieskanoti procesa parametri. Tas palidz&ja
nodro§inat stabilu kavalitati dazadam piena partijam.

Dotas izstradnes ekonomiskais efekts ir neap-
Saubams, kaut gan griiti kvantitativi novertgjams, jo
tas ir saistits ar razoSanas kvalitates stabilitates
uzlabosanos, personala kvalifikacijas pilnveido§anu un
uzskaites sistematizéSanu. Bez tam sist€émas ievieSanas
rezultata samazinas iekartu apkalpotaju — operatoru —
darba apjoms, ka rezultata viena operatora pienakumu
apjomu maina var€ja palielinat. Ka integralu kvantitativu
rezultatu var€tu minét vidéjo braka procenta sama-
zinasanos no 4% uz 1.5%.
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Slédziens

Dotais piemérs liecina, ka procesu kontroles metozu
un iekartu pielietosana var veicinat razoSanas procesa
pilnveidosanu. Pielietojot procesa kontroles sist€ému
razo$ana ar HACCP principiem, tiek izvertétas un 1pasi
kontrol&tas procesu norises “vajas vietas“. Sajas
“vajajas vietas” izstradata un apgiita Tpasa kontroles
sistéma, ar1 rekomendacijas organizatoriskam par-
mainam razos$anas procesa. Ka minéts ievada, pama-
tojoties uz lidzigiem principiem, ir izstradatas un
darbojas procesu kontroles un vadibas sistémas
vairakos citos uznémumos (Vanags, 2002).
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Abstract. This article provides some considerations and analytical tools about the issues related to the problems
of definition, measurement and policy analysis on development in rural areas. The mutual relations between man,
space and time create a dynamic framework in which human development process plays a fundamental role. The
identification of a human centered approach in development highlights the presence of a plurality of human
needs which should be analyzed, quantified and formalized as determinants of a problematic complex essential in
the definition of political and economic choices for rural development. In this perspective, development is thus
based on a “global interdependence” between economic results and the value of rights, dignity and freedom
which has to be incorporated in the evaluation of the resulting situations. The achievement of material and not
material resources can be the result of the respect of social rules (duty, loyalty, good will) deriving from an ethic
consciousness in which competition and utility as well as rights and freedom can be quantified and qualified

through identified parameters of intrinsic value.

Key words: development, rural areas, ethics, human resources.

Introduction

The present evolution of agricultural policies in
Europe pushes to pay more and more attention to rural
development whose conceptualization should
represent the core of all rural studies. A large number
of meanings and concepts, placed in several different
but interrelated analytical levels (locality, land use,
spatial classifications, socio-economic variables —
producers, laborers, consumers — historical variables,
environment and agricultural issues, policy making
processes, etc.) are critically involved towards a) the
definition of what should be considered “rural” and b)
the interpretation of the dynamics of “development”.

A wide theoretical debate, particularly focused on
regional economic growth theories (Camagni, 1992,
1995a, 1995b), is at the base of different approaches to
rurality. Three main approaches can be very
synthetically identified in the classification of these
economic theories according to an idea of “rural space”
which respectively refers to a spatial, a territorial and a
constructivist approach. Spatial approach is based on
a strong interweave of rural with agriculture and the
urban-rural dichotomy (Blanc, 1997; Halfacree, 1993;
Pratt, 1996); territorial approach emphasizes the
economic diversification of rural areas and it is referred
to alocal economic approach (Saraceno, 1994; Keating,
1998) while according to constructivist approach rural
space appears as a social representation and a mental
construct (Hoggart et al., 1995; Halfacree, 1993; Pratt,
1996).

From these analyses, rurality appears as a very
dynamic concept, being influenced by continuing
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evolving geographical, historical and socio-economic
variables which can be embodied in many expressions
of the “human factor”: traditions, mentality, power
balances among different social groups, ethnicity,
religions, languages, etc. Rurality therefore cannot be
separated from an idea of “evolution” and the related
identification of those elements at the base of the
“processes of change” in rural areas. The mutual
relations between man, space and time create a dynamic
framework in which human development process plays
a fundamental role. In this perspective, local resources,
peculiarities and contexts (Blanc, 1997; Halfacree, 1993;
Moseley, 1996) are influenced by a complex interplay
between a socio-economic and a socio-cultural
dimension which however constitute development as
one process. These dimensions can be measured and
evaluated on the one side through the potential
acquiring or consuming of material goods and, on the
other side, by potential fulfillment of mental, cultural,
psychological and social values (justice, tolerance,
human rights, unarbitrary and lawful wealth, etc.). It is
important to underline again that these two dimensions
deeply interact being components of the same whole
process. The availability of an adequate quantity and
quality of certain tangible goods is an essential
precondition to the fulfillment of intangible resources
and vice versa. The combination of these two
dimensions is at the base of the identification of basic
needs for human development: they cannot be
considered two different (and opposite) interpretations
of development. Nevertheless conventional economic
analyses tend to be focused essentially on the material
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facet of development, which can be quantified, while
its immaterial side (and the related influences on the
material side) is usually neglected. Many economic
discussions about development in rural areas are thus
deprived of critical factors which deeply determine
individual and social behavior and choices.

The same limit of conventional economic analyses
can be found while evaluating and quantifying
development: being focused only on one aspect of
development, these analyses can provide a partial
quantification of its material elements. The possibilities
to consider and evaluate “development” in its global
reality unavoidably imply a concrete paradigm shift
from the assumption GNP increases=progress to
global development+quality of life=progress
perspective (Henderson, 1999) capable to assess
development in a more holistic way encompassing
fields as diverse as children’s services, arts, culture,
infrastructure, etc. all concerned with maintaining and
improving quality of life of people involved. The
inclusion in the definition of development of elements
such as human values, person’s nature, well-being,
income and power distribution, etc. drives to make some
necessary considerations not only about efficiency in
economic, social and public decisions but also about
the effectiveness of these actions within an ethic

environment.! The idea of an efficient and effective
development involves some crucial considerations
about equity, social justice as well as those market’s
limits to provide adequate answers to these questions.
An analysis on the relations between market and
development opens in fact the discussion about
mechanisms and possibilities to generate a widespread
well-being, on environmental and social sustainable
bases, involving those categories (social groups but
also regions, areas and economic activities) defined
“weak” by conventional economics for their
incapability to nourish their own development.

An efficient and effective development is thus
related to its capabilities to provide some concrete
remedies to the unavoidable market political, social and
economic distortions. The possibilities to define this
development path should be based on an analytical
perspective capable to calculate social and public costs,
promoting and elevating social welfare in order to find
a balance between economic efficiency and social
effectiveness. Justice, solidarity, creativity and
adequate life standard levels are for this reason
essential concepts to complete and integrate any
analysis on development: competition and efficiency
are in fact partial elements which have to be
accompanied by other basic parameters of development

Environment

Society, politics, ethics

Development

Economy

Fig. 1. Systems and interrelations of global development.

!'In this discussion it is not possible to provide a detailed analysis about the issue of public choices. For these topics see
for example Arrow (1963), Davidson et al. (1957), Elster and Hylland (1986), Feldman (1980), Fishburn (1973), Gottinger
and Leinfellner (1978), Green and Laffont (1979), Hammond (1986), Heller et al. (1986), Mueller (1979).
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(Fig. 1). This is the reason why Gross National Product
(GDP) calculations cannot be used to measure
development because they completely ignore the
informal and unpaid economy of caring, volunteering
and mutual aid (mainly provided by women). These
activities often represent a “social glue” and a
substantial share of society in particular (but not
exclusively) in developing countries and in regions hit
by dramatic economic and political crises (Sen, 1997a;
Henderson, 1999).

What is development?

The inclusion of ethic and emotional
considerations in the definition of a dimension placed
beyond the idea of “utility” can represent an important
step in understanding eventual divergences between
economic and social welfare: GNP increases not
necessarily drive in fact to parallel increases in social
well-being. The interactions among political, social,
economic and cultural dimensions are critical factors
towards the identifications of the elements which,
influencing human behavior, can support development
and make, in the same time, economics more efficient
and effective. Economic policies for rural areas are in
fact always accompanied by definite ethic patterns
which are usually referred to modernization and
rationalization strategies but the definition of
“modernization” or “modern” is an extremely complex
issue: “traditional” is not synonym of “lack of
modernity”. In addition, a “rural community” is only
one human interrelation system among an extremely
huge number of relations in which individuals can be
simultaneously classified (or in which individuals
classify themselves). The definition of these concepts
implies complex analyses about the dynamic
mechanisms of social, economic and political change
from which development can spring (Hettne, 1996;
Eisenstadt, 1974; Martinelli, 1998; Sen, 1975, 2000;

development

Germani, 1971): it means identification and interpreta-
tion of specific historical problems connected to na-
ture and succeeding of socio-economic systems and
the mechanisms of their inner development and inter-
action which influence the differentiation among so-
cial groups, the transformation of a society or the even-
tual failure of this transformation.

Yet, the discussions about development cannot
avoid the problem of the value-judgements which can
be given to different kind of society and to development
itself: is there an objective possibility to classify and
order societies within a hierarchic scale according to
an idea of developed, developing and under-developed
society based on their presumed superiority in
economic or social evolution? Is there a unique pattern
and a “right” direction in development according to
which under-development could be solved?

Possible answers to these questions are related to
the above mentioned socio-economic and the socio-
cultural dimensions in development which refer to two
corresponding approaches: an engineering and an ethic
approach. On the one side, the idea of progress is
related to changes in production resources (for example
in technologies) and in social relations towards more
efficiency; on the other side, progress is linked to a
concept of a positive social result. A direction to social
change can arise only from the involvement of both
sides thus determining development as oriented
change. It is evident that this double faced problematic
nature of development can create some analytical
problems: the engineering side of development, being
mainly related to economic factors, can be measured
and evaluated through quantifiable data (incomes,
savings, prices, inflation, trade flows, employment,
etc.). What to do with the ethic side which incorporates
many non-quantifiable and intangible values for which
there is no monetary measurement at present? How to
quantify the non-quantifiable? And finally: how it can

A = Economic development
B = Social development

time

Fig. 2. Economic and social development.
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be possible to re-connect these two facets within a
whole process?

In recent years many indicators of social well-being
have been developed at the community, national and
international levels which can be adopted “to monitor
the social system, helping to identify changes and to
guide intervention to alter the course of social change”
(Land, 1999). These quality of life indicators concretely
contribute to increase interests about the dynamics of
social conditions providing useful tools in the effort to
re-connect economic and social progress.> These
indicators often confirm in fact how economic growth
rarely corresponds to a sustainable human
development both in more advanced and in less
advanced economies.

This condition frequently arises when ethic, human
and environmental issues are not adequately
incorporated into public choices and decisions thus
creating a gap (Fig. 2) measured in terms of a divergence
between economic indicators (income, savings,
productivity, employment) and human and
environmental indicators (justice, equity, environment
protection, education and social services’ quality,
health, housing, etc.). In addition, the eventual
presence of political and administrative corruption
contributes to widen this gap: corruption, diverting
resources from their efficient use, make the social tissue
unable to translate a potential growth in private income
into widespread well-being through quantity and
quality increases in public services’ provision®.

If the ethic side of development is neglected, the
possibilities to fill the gap showed in Figure 2 are
unavoidably linked to the capabilities of the social
tissue involved to quickly adapt to the modified
scenario in order to solve the consequent
contradictions. This creates the bases for destabilizing
conditions, crises and tensions whose depth and
dynamics depend on the instruments at disposal of
the social tissue to manage these changes and on the
variability of this adaptation behavior which can greatly
vary in time and space and also according to different
social, age and gender groups. Changes are in fact
socially and individually lived in different ways because
dimension and complexity of these groups can vary in
different historical periods and in different development
stages.

The inclusion of ethic considerations can

concretely contribute to provide more complete an-
swers for a so-called SW1H question scheme (Who,
Where, When, Why, What, How) in re-thinking devel-
opment: it is clear enough that finding answers for these
apparently plain questions can be often a rather difficult
task because this step involves a deep analysis about
a great number of material and immaterial variables linked
to economic, technical, political, historical and cultural
dimensions. These variables frequently act as “causes”
concretely influencing the social, political and economic
tissue which, in this perspective, thus becomes a sort
of “final effect” resulting by the interaction of these
variables within a historical process. Even each
variable represents a final result of similar interactions;
for this reason complex feedback chains are produced
among variables and factors involved. These linkages
can be represented in a “relation diagram” (Fig. 3a), a
graphic representation and an exemplification of this
cause-cffect network. Many answers to the above
mentioned questions can be found within this relation
network to be considered as problematic systems even
if a quantification of the interrelation degree among
components (being many “human” elements not
immediately expressed by numbers for example cultures,
traditions, memories, opinions, etc.) still remains a very
difficult task. These diagrams, however, can provide
some interpretative keys identifying events and factors
which can be focused on a relation system through
coherent interrelations among causes and effects.
Atatheoretical level, these diagrams can contribute
to highlight a crucial paradigm of an ethic development:
aright action can be judged as such only if analyzed as
a whole through the rightness of its consequences
(Fig. 3.b)*. Taking into consideration the effects which
could arise from the adoption of development actions
could be considered a rather obvious assumption but
it becomes less obvious if these impacts are analyzed
and evaluated through a perspective diverse from an
economic one (in a conventional sense) which is
traditionally based on the idea of maximization of
personal utility. This paradigm shift implies the
incorporation (and the related value or dis-value
assessment) to relations different to the utility ones.
Many relevant economic relations operate thanks to a
wide versatility in behavior and values: rights and
freedom for example could be seen not only as legal or
deontological principles but also as entities having an

2 About this kind of “system of social accounts”, an important work has been done during these decades with a great
number of publications and research activities. See for example Henderson (1974), Land (1999), Sen (1993), Sen (1997b),
Peterson and Naresh (1997), Cummins (1997), Booysen (2002), Johansson (2002), Noll (2002), Hudler and Richter (2002).

3 Ttaly provides a typical example of this condition in which, due to political and bureaucratic corruption, even high
private incomes are accompanied by administrative inefficiency and an extremely poor provision of low quality public goods
and services. See for example Vannucci (1997), Benassi and Sganga (1994).

4This analysis on impacts and consequences implies relevant considerations about the presence of different opinions in
the evaluation of a concrete situation. For these topics see for example Scheffler (1982), Slote (1985).
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intrinsically autonomous value (Guest and Milne, 1985;
Sen, 1992). In this scenario, the systematic deviance
from a behavior based on personal utility towards a
behavior based on rules (duty, loyalty, good will) could
concretely contribute to achieve also economic
efficiency both at individual and at group level
(Morishima, 1982; Sen, 1985b).

The inclusion in this relation network of elements
which could elevate the concept of “rationality” in
human behavior, influencing and enhancing the
potential options for the definition of interests and
possible choices, can drive to a rethinking in some
principles of fundamental mechanisms of conventional
development towards the definition of an “ethic”
development such as:

a) individual and community well-being do not
depend exclusively on “consumption” or “production”
factors;

b) individual tasks and goals are not focused
exclusively on maximization of personal well-being, but
they can be based also on the value assignment to
group and others’ well-being;

¢) individual choices are not driven exclusively by
the achievement of personal interests but also by the
acknowledgement of a reciprocal interdependence of
“personal successes”.

These principles are substantially independent
representing crucial elements in the definition of an
ethic development essentially based on social well-
being: of course, it is always necessary to admit the
existence of an instrumental value in the acceptance of
rules or social interests towards the achievement of
personal goals. This idea of development doesn’t
exclude in fact the presence of personal interests, but
it tends to stimulate the convergence of interests within
acommunity (with the related actions of loyalty towards
this community) which can drive to a more efficient
achievement of these personal goals. An ethic

development is thus connected to the respect of social
responsibilities as fundamental individual duty. Ethic
development could be therefore defined as a human
and environmental process directed to the achievement
of material and not material resources through the
respect of social rules (duty, loyalty, good will) related
to an ethic consciousness in which competition and
utility as well as rights and freedom are quantified and
qualified through identified parameters of intrinsic
value.

Needs and choices in development

The presence of different perspectives in the
identification of individual goals is a crucial step
towards a definition of needs both at individual and at
community level overcoming the conventional notion
of “demand”. These needs can be expressed in different
forms and can show diverse motivations and different
(continuing evolving) possible relationships with
endogenous and exogenous sources of development.
For this reason diverse types of actions have to be
considered useful to ethic development in rural areas
by distinguishing between the types of development
actions that can meet these needs. A summary diagram
can highlight the different links that are possible in a
rural area, in particular between: a) the actions needed
for an area’s development; b) the activities required to
meet these needs (for example exogenous/endogenous
development through recovery/development with local
actions and resources, acquisition of development
through external actions and resources, specific
actions, etc.); ¢) various types of development provision
and sources of development; d) the basis of provision
for each of these sources of development. This
summary diagram can be drawn through a Quality
Function Deployment (QFD) type chart (Fig. 4): it
describes the general framework within which the

2. characteristics ‘

1. needs

3. correlation degree [::> 5. functions

4. numerical values
el

L L

6. types and characteristics of the
process

Fig.4. A QFD type chart.
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actions needed for rural development and the different
means for satisfying those needs are expressed
defining characteristics and possible impacts of the
processes and methods during a planning phase. The
Quality Function Deployment (QFD) is in fact a
managerial method created for quality assurance in new
products during the planning and development phases
(Akao, 1989). The main benefits of this method, which
can achieve a very detailed level, are linked to the
promotion of a preventive development rather than a
reactive one. It can be expected that the benefits
obtained thanks to this method in production of goods
and services could be achieved by its adoption, as
operative approach, also in the definition of
intervention action to support social development. A
QFD could be synthetically defined a method to
translate needs of the final users into corresponding
characteristics of the required measures through the
following steps:

1. identification of needs;

2. definition of planning methods;

3. characteristics of single elements and factors of

the process;

4. implementation;

5. standardization of the processes.

This approach should contribute: a) to understand
the needs of the final users reducing the risk of wrong
approaches; b) to reduce time losses; c) to reduce costs
(in particular those related to correction actions); d) to
improve the final users’ satisfactions; e) to increase
success margins.

In this way the identification and fulfillment of a
need become essential elements which should underlie
any process from the sources of intervention useful in
developing rural areas contributing to modify many
present approaches to development issues. In theory,
the range of intervention sources in rural development
can be extremely wide but practical experience can
easily confirm how many organizations tend to be aimed
at developing measures of direct relevance to
“conventional” rural issues. This includes all sector
organizations, especially in the farming and agri-food
field, in rural tourism, craftworking, etc. Often the
vocation of these institutions leads administrators to
focus on a particular objective and to confine
themselves to it, which results in the introduction of
ever-greater specialization, as well as a certain
compartmentalization between institutions. The main
limit of these organizations is that (unfortunately) in
many cases they operate according to their own rules
(often political), without a useful and effective
connection with the outside, being more committed to
mediate interests. Even in research, which provides
crucial contributions in this field, this depart-
mentalization can be found: the rural issue is highly
segmented: studies on environment, land use,
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agriculture, urban/rural relations, rural economics, ru-
ral sociology, etc.

Apart from the above mentioned political
inefficiency deriving from corruption, these QFD
diagrams should contribute to solve some inadequacies
between the needs’ side and the intervention provision
side. These inadequacies often are biased on the
following problematic issues:

a) inadequacies deriving from the nature of
institutions responsible for development: they can
include:

— inadequacies in terms of distance — this means a
physical distance between institutions and rural areas.
Added to physical distance is the psychological
distance deriving from the fact that often administrators
and bureaucrats know little about rural environment.
Many aspects of rural development are not immediately
evident and considered low profile issues: politicians
tend to be not interested in them;

— inadequacies in terms of time — Institutions and
Agencies have their own “time”; in many cases
procedures last several years, whereas needs for
development can be generally short-term;

— inadequacies in interests and in defining the
intervention objective — for many bureaucrats, the
intervention objective may be divorced from a global
vision of the area: frequently the objective is too
circumscribed, limited and partial, rather than a part of
an overall territorial strategy;

— inadequacies in terms of approach — politicians
often ignore those very institutional or other contextual
aspects that prove so essential to rural development
or to instigating change in an area;

—inadequacies in terms of communication: political
institutions and agencies tend to use two different
languages. The former language is mainly based on
juridical and legal terms while the latter is tailored for
specific intervention areas (agriculture, health,
environment, scientific research, etc.). The result of
this coexistence of languages is frequently translated
into very complex documents which create severe
communication problems between institutions and
individuals and among institutions. This condition can
also be the consequence of an unclear language
frequently adopted in State law and regulations to which
local offices have to refer. These documents are rarely
written paying attention to the final users being created
to be mainly coherent to bureaucratic languages;

b) inadequacies in terms of practices: the lack of
adequate knowledge on rural development mechanisms
results in actions that sometimes conflict with rural
development needs and territorial approaches;

c) inadequacies associated with financial problems:
in general, very few financial resources are earmarked
actions directed to aid rural development. Many
intervention measures that may be useful to rural areas
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are often the product of actions directed for other pur-
poses, for example, sector actions, especially in agri-
culture, energy, environment, etc.

It is clear enough that many of these inefficiencies
result because needs are not adequately identified,
quantified and graded. Considering needs as
standpoint for any analysis on ethic development,
having their identification a chronological precedence
over the means to satisfy them, it is possible to
synthetically distinguish two different approaches in
development which could be named, in Latin words,
pleno gradu (with few big steps) or leni gradu (with
many small steps) (Fig. 5). Pleno gradu is the
conventional approach to development generally based
on great breakthroughs: it usually implies high costs
and risks with the involvement of a great amount of
national and foreign investments, high-skilled human
resources as well as advanced financial services. The
implementation of this strategy requires, for this reason,
subsidies and concrete incentives to stimulate a
convergence of investments in rural areas which can
become a difficult task if rural areas show critical
conditions (because a larger part of these investments
are based on urban population savings). The intro-
duction of development actions through a pleno gradu
strategy is generally led by an elite of specialists,
focused on new technologies, sudden implementation
of new approaches and methods, and fast demolition
of previously adopted methods and processes. The
leni gradu approach in development is based on a
slow and gradual change with the involvement of large
groups of human capital because it tends to improve
the existing resources and the conventional know-how.
For this reason, this strategy requires less investments
and shows less evident immediate results than the
pleno gradu approach because it is mainly focused on
human resources, processes and personal commitment
while the other one is mainly technology and profit
based. Differences between pleno and leni gradu
approaches are resumed in Table 1.

As previously mentioned, development is based
on complex processes: for this reason the imple-
mentation of a leni gradu strategy has to be linked to
small improvements in all the processes involved. In
the same time, in order to make this strategy “stable”, it
is extremely important to introduce simple methods

easily accessible to a large number of potential users.
Little improvements within the introduction of
innovations are stable when based on a standardization
of processes thanks to the implementation of a
maintenance, correction and improvement phases.
When these three phases are incorporated in commonly
shared usual procedures, then it will be possible to
move to the next step with the introduction of little
further innovations.

Concluding comments

A society is a complex system articulated in an
extremely wide variety of sub-systems. This means that
the understanding of the characteristics of a society
(or segments of a society) interested by development
processes plays a crucial role: historical circumstances
always modify characteristics and needs of specific
social groups within the dynamic process of social
change which nourishes development. For this reason,
there isn’t a unique way to development but
approaches and methods should be adapted to these
specific contexts and historical circumstances.

Development can show its own efficiency and
effectiveness: these goals can be achieved through a
simultaneously just, healthy and efficient process
according to some tangible (technical, physical,
mathematical parameters) and not tangible patterns
(ethic, psychological, philosophical, juridical para-
meters): both sides are essential to the achievement of
an adequate individual and social well-being.

This approach is thus based on a “global inter-
dependence” perspective in which economic results
and the value, for example, of rights’ respect (or
environment protection or personal commitment) or the
dis-value of rights’ violation (or environment
degradation or political corruption), are incorporated
in the evaluation of the resulting situations (Sen, 1982,
1985a). The evaluation of these interdependences is
an essential step in the analysis of possible choices
within a development process because any activity,
having an instrumental role, produces consequences;
even economically efficient activities can determine
unexpected social consequences. In order to achieve a
global evaluation of these activities it is thus not
sufficient to evaluate their value in ethical terms, but
also their instrumental role and their potential positive

Table 1
Leni and Pleno Gradu approaches

Leni Gradu Pleno Gradu
Investments required degree Low High
Efforts required degree High Low
Human resources involvement High Low
Priorities Commitment and efforts Results and profits
Focus Culture and mentality Technology
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or negative effects on other spheres. In this perspective,
achoice could be defined “right” when also its impacts
are just, healthy and efficient.

In conclusion, it is essential to recognize that
development, under-development and poverty are
primary political phenomena and only secondly
economic issues: politics have to play a critical role in
the discussions on development. An ethic development
is not directly based on the provision of an adequate
quantity of material and immaterial resources to support
well-being because the point is linked to the
understanding the mechanisms which facilitate or
hamper the effective or potential availability of these
resources. The main focus is not only how to create
well-being but also how to make it available for all
through the creation of those conditions essential of
its circulation, achievement and self-nourishment.
Hence the main obstacle to development should be
identified in exclusion: poverty should be rather
considered as an effect of the exclusion from material
and/or immaterial resources.

All this unavoidably implies critical considerations
which involve role and nature of politics both at internal
(for example about nature of modern democracy itself)
and international level (for example nature of inter-
national relations, action of super-national subjects,
etc.). In both cases, responsibility (and its reverse side
political apathy) represents the focal point of the
issue: in brief, no ethic development can be carried out
if mediated by political forces inspired by the concept
of “renounce to responsibility” or “renounce to
consciousness”.
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Anotacija
Raksts atspogulo autora pétijumu rezultatus, pielietotas metodes un dazus apsvérumus par Italijas lauku

attistibas politiku sociali ekonomiskos aspektos. Noskaidrotas savstarpg€jas attiecibas starp cilveku,
socialekonomisko telpu un laiku, kas kopa rada dinamisku strukttiru, kura lauku cilvéka attistibas process sp&le
butisku lomu. P&tijumi koncentréti uz cilvéku vajadzibu daudzveidibu un mainibu, kas rada galveno probléemu
kompleksu, veidojot lauku politiku un ekonomisko vidi. Secinats ar1, ka lauku perspektiva attistiba ir jabazejas uz
globalo savstarpgjo ietekmi un saistibu starp ekonomiskiem rezultatiem un tiesibu, cienas un brivibas vertibam.
Materialie un intelektualie sasniegumi var biit socialo likumu (pienakums, lojalitate, labklajiba) ieveroSanas rezultats,
kas izriet no etniskas apzinas.
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Konveijera kédes iekartas darbibas pétijumi
Investigations into the Operation of Conveyor Chain Equipment

Guntars Uzklingis
LLU Mehanikas institiits, e-pasts: eriks@inka.cs.llu.lv
Institute of Mechanics, LLU, e-mail: eriks@cs.1lu.lv

Abstract. The conveyor chain equipment consists of a rolling friction hinge chain and multistroke sprockets. The
article presents investigations into the chain and sprocket mesh and rolling hinge operation. Peculiarities of
mesh are related to the formation of rolling friction in the chain hinges. Kinematic properties of mutual coercion
of chain axles, plates and sprockets, the forces in hinges and the axle—plate anti-slide ensurance are analyzed.
The change of forces in the rolling hinge is analyzed for the case when the contact line of the plate operation
surface and axle centre trajectory functions x, = f (y) and x_ = W (¥) change lineary. In the result of theoretical
research, correlations for determination of the forces in the chain hinge have been obtained. It has been proved
that friction forces in the hinge ensure rolling of the operation surfaces.

Key words: rolling friction hinge chain, chain sprocket, mesh, forces in the hinge, part anti-slide ensurance.

Ievads

Kedes iekartas (konveijera darba organs — k&de ar raus€jiem kopa ar zvaigznitém) darbmiizu butiski ietekmé
zvaigznites zoba geometriska forma, materials, termiska apstrade, izgatavoSanas tehnologija, precizitate un
montazas kvalitate [1., 2., 3.]. P&c gajienu skaita izskir viengajiena un daudzgajienu zvaigznites [2.]. Agrak lietotajas
standartiz€tajas zvaigznites zobu augstums tika noteikts kliidaini [2.]. Tas nelava pilnigi izmantot konveijera
k&des iesp&jamo darba resursu. Zvaigznites darbmtzu var palielinat, nemainot tas materialu un termisko apstradi,
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1. att. Rites berzes Sarniru k&Zzu konstruktivas ipatnibas pec
autorapliecibam: a—N° 582697 [7.]; b—N° 1270072 [8.]; c—N° 1416776 [9.].
Fig. 1. Rolling hinge chain constructive peculiarities
according to patents: a—N°582697 [7.]; b—N°1270072 [8.]; c —N° 1416776 [9.].
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bet gan izveidojot racionalaku zobu konstrukciju. Saglabajot pietickamu zobu stipribu, var samazinat to izmé&rus
un izveidot daudzgajienu zvaigzniti [3., 4.].

Biitisks kédes ickartas darbmiiza kapinajums panakts, lictojot konveijera kedi ar rites berzes Sarniriem
(1. att.) [5.]. Lai izveidotu k&di ar rites berzes Sarniriem, vajadz&ja teorctiski izpétit jautajumu par k&des sola
izmainas ierobezosanu kédes sazobes procesa ar zvaigzniti [5., 6.].

Raksta izklastiti rites berzes Sarntru kédes un divgajienu zvaigznites sazobes un rites pétijumi kédes Sarnira.

Metodes

Konveijera kédes ickartas darbiba pétita teorétiski. 2. attéla paradits k&des posma 1 ieejas process sazobg ar
divgajienu dzeno$o zvaigzniti. K&des iek§&jo un argjo posmu darba apstakli uz zvaigznites ir vienadi, jo k&de
nesatur rulliSus un buksites. Posms 2 kopa ar zvaigzniti un asitém 4 un 8 sazobes procesa pagriezas par lenki
Y, = 360° m x z' (Seit m — zvaigznites gajienu skaits; z—zobu skaits). Posms 1 biis iegajis sazob tad, kad asite 9
saskarsies ar zobu 7. Posms 2 jau atrodas sazob€. Uz asiti 4 darbojas speki S, un S, zoba 3 reakcija N, ka ari rites
berzes pretestibas speki F, un F,_ (3. att.). Zvaigznitei rotgjot, speku S, un N virziens un lielums nepartraukti
mainas attieciba pret nemainigo speka S, virzienu un skaitlisko lielumu. K&des posmam 2 kopa ar zvaigzniti,
pagriezoties par lenki 0<y<y, attieciba pret posmu 1, kédes posma 1 plaksniu liektas darbigas virsmas 5 velas
pa asites 4 plakanajam darba virsmam 6, t.i., plaksnisu 1 pricksgjie gali parvietojas radiali uz augsu. K&des Sarnira
kontakta punkts 1 parvietojas augSup, un starp speku S, un S, darbibas Iinijam izveidojas plecs k. Tad, kad

moments k Si bis lielaks par asites un zoba berzes momentu M, un rites berzes momenta pretestibu Sarnira, asite

4 pagriezisies attieciba pret zobu 3 pretgji zvaigznites rotacijas virzienam. Posmam 1 nonakot sazobg ar zvaigzniti

2. att. Rites berzes Sarniru k€des un divgajienu zvaigznites sazobes shéma:
1 un 2 — k&des plaksnites; 3 un 7 — zvaigznites zobi; 4, 8 un 9 — k&des astes;
5 —plaksnites cauruma liekta darba virsma; 6 — asites plakana darba virsma.
Fig. 2. Rolling friction hinge chain and double-stroke sprocket mesh scheme:
1 and 2 — chain plates; 3 and 7 — sprocket teeth; 4, 8 and 9 — chain axles;
5 — plate opening convex operation surface; 6 — axle flat operation surface.
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3. att. Speku shéma k&des rites Sarnira:
1 un 2 — k&des plaksnites; 3 — zvaigznites zobs; 4 — kédes asite;
5 —plaksnites cauruma liekta darba virsma; 6 — asites plakana darba virsma.
Fig. 3. Scheme of forces in the rolling friction hinge:
1 and 2 — chain plates; 3 — sprocket tooth; 4 — chain axle;
5 — plate opening convex operation surface; 6 — axle flat operation surface.

(Y= vy ), asite pagriezas par lenkiy = 0.5 v,. K&des Sarnira veidojas rites berze, bet starp asiti un zobu — slides

berze. Asites un plaksnisu kontakta zona noslogota ne tikai ar normaliem spekiem S/2 un S ; , bet arT ar tangencialiem

spekiemF ,F,, S { "un S/z/ . Lai nodroSinatu riti bez slides, speku summa F, + S i/ unF, + S /2/ nedrikst parsniegt
tangencialos slides berzes spekus starp asites un plaksnites aktivajam darba virsmam. Ja plecs k picaug, bet asite
4 nepagriezas (tq notur berzes moments M, ), tad plaksnites 1 un 2 gali var noslidet lejup pa asites plakni virziena
pret zvaigzniti. Saja gadijuma tiek traucéts asites un plaksnites pareizs savstarpg€js novietojums, kas var radit
Sarnira iekileésanos, deformacijas un riti ar slidi. Nosakot Sarnira parametrus, japanak netraucéta rite neatkarigi no
detalu darbigo virsmu stavokla un k&des darba apstakliem.

Rezultati
K&des asttes lidzsvara nosacijums (3. att.):
S,cos Y+ NsinB, -F sing -F, sin -S =0; (1)

S,cosy+NcosP, -F, cos& -F, cos& =0;
S,bsin(y-§)-S,x,cos(y-§)-M,+ S x, cos&-S bsing -F b+F, b=0,
kur S un S, —kédes posmu 1 un 2 stiepes speki, N;

N —normala reakcija, N;

F, unF, —rites berzes speki;

v —k&des posmu savstarpgjais pagrieziena lenkis;

B, — normalas reakcijas lenkis;

€, —lokalas koordinatu sistémas x, oy, orientacijas lenkis;

X,, un x , — plaksnites un asites kontakta punktu koordinatas.
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| Y=Y(X)

Y
(Y,)

4. att. Rites berzes Sarnira kinematiska shéma.
Fig. 4. Rolling friction hinge kinematic scheme.

Posma 1 pagrieziena lenkis

Y = arc sin [% (1 - cos a)t):l , (2)

kur R —zvaigznites dalijuma aploces radiuss, mm;
t—kedes solis, mm;
 — zvaigznites grieSanas frekvence, s

Lenkis Y mainas robezas 0 < y<v,. Ja kontakta punkta 1 parvietojuma funkcija x, = f (y) un asites centra
0 kustibas funkcija x =L (y) mainas lineari (4. att.) [5.], tad:

a - X
X = X, t —7 10 él ; 3
a - X
X;, = X T » = (7' 51)§ ©)
. a - X .
X, = —= & Q)
Vo
. a-x ~ 6
X, = . 10 (a) ) 1), ©)
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kur x, —attalums no y ass Iidz punktam A,
posmu vienpusigu pagriezienu, 1.a att.);
a— asites “kaklina” (taisnstlira garakas malas) izméra puse;
Y, — asites maksimalais pagrieziena lenkis.

X, UnX,, - ritesatrums, mm xs".

Rites pretestibas speks [10.]:

F pXy S cosg @)
Ir K : D
Pu
g = H X ) S, (cos y - &) ®)
2r 9
K P
kur p-— kédes detalu materiala viskozitates (iek$€jas berzes) koeficients, N x s/mm?® ;
K — detalu materiala kontakta virsmu stingums, N X mm- ;
p,, un p , —kedes iek3&ja un ar&ja posma plaksnites darbigas virsmas (kontakta Itnijas)
liekuma radiuss, mm.
Ja kontakta Itnija uzdota ar parametrisku vienadojumu, tad lieckuma radiusu izsaka $adi [11.]:
) -2 \3
(o ) )
Pu = - .
|u11 Vii - Vi Uy
s .5 \3/2
_ (“12 * V12) (10)
P = 1 - T
|u12 Vip - Vp Uy,
kur [5.]:
U, =X, * x,,c08 -bsing ; 11
Vi, = Vo T X, 8iné, + bcosé,; (12)
a4,
X = — €13 (13)
o
a-X - —a
_ 4 2 S | 2 | X0 |2+§1|. (14
Yo = - In - - In ;
67, 2 2-&] V2 |2
u, = X, T x,c08(y-¢))-bsin(y-¢§); (15)
Vi, = ¥ T Xpsin(y- &) + beos(y- &)); (16)
a,
Xpp = — (- &) 17
Vo
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W | N

LTS R T T
67, 1 2 2- (- &) (18)
X9 1n\/§+(7'§1)

V2o V2 - (- e|]

Yoo T

kur u,,u, v, unv,, —plaksnites kontaktlinijas koordinatas;
Xops Xgp» Yo, UN'Y,, — asites centra kustibas trajektorijas koordinatas;
X,, un x , — asites un plaksnites kontakta punkta koordinatas koordinatu sistema x, oy,;
b —asttes ,,kaklina“ (taisnstiira isakas malas) platuma izméra puse;

a, —asites centra 0 parvietojuma (k&des sola izmainas virziena) robezizmérs.

Asites berzes moments pret zvaigznites zobu

M, = 0,5Df'N, 19

kur D — asites diametrs;
f — asites un zoba reducétais berzes koeficients; f = ¥ f (Seit W > 1, kas ievéro normalas reakcijas N
nevienmérigu sadalijumu pa asites un plaksnites darbigo kontaktvirsmu; f— berzes koeficients asitei pa
zobu).

Atrisinot vienadojumu sistému (1), ievérojot (2) ... (19) noteikta speku S, N, F, unF_, ka arilenka & izmainas
likumsakaribas, ja 0< y< ;.

Petijumi veikti, pie Sadiem sakuma datiem: v, = 55.38°; y =28 S =29.4kN; D=18mm;b= § mm; pK!=
0.0045s; f=0.235; a,= 2mm; x,,=-3mm; B, =23°20;a=7.5mm;R=134.5 mm; n= 14 min". Sie dati atbilst
realai konveijera k&dei ar soli t= 125 mm.

Skaitliska analize paradija, ka speks S, samazinas no 29.4 Iidz 12.7 kN, bet reakcija N palielinas no nulles lidz
46 kN. Rites berzes speki neparsniedz 0.05 kN, un lenkis § <0.5,.

Plaksnites slide pa asites plakni nenotiek, jo

Flr + Sl sin fl < fSl cocC fl 5 (20)

F,, + S,sin(y- &) < fS,cos(y - ¢)). 21

Diskusija

Rites principa ievieSana ir progresiva metode atri dilstosu salagojumu konstrugSana. Lai plaksnites liekta
darbiga virsma var&tu netraucgti ritet pa asites darbigo plakni, Sarnira jabut spraugam starp plaksnites fasoncaurumu
un asiti. K&des taisnvirziena kustiba jasakrit asites un plaksniSu horizontalajam simetrijas asim. Jaievero, ka
ekspluatacija var maintties k&des noslogojums, ka arT iesp&jama transportéjama materiala ietekme. K&des Sarnirs
bis darbspgjigs tikai tad, kad k&des detalu novietojums biis saskanots visos kedes iekartas darba rezimos. K&des
detalu pareizu fiksaciju nodro$ina ne tikai berzes speki, bet ari plaksnites fasonveida cauruma geometriska forma.
Pasbremzesanas sp&ja rodas no berzes spekiem starp asiti un plaksniti. Tom&r $o 1pasibu var izmantot tikai tad, ja
ir pietiekams k&des sastiepuma speks. Ir iespgjams tads kedes iekartas darba rezims, kad kede biis niecigi noslogota
un berzes speki nenodrosinas kédes detalu pareizu savstarpgjo orientaciju. Saja gadijuma k&des detalu fiksaciju
nodrosina plaksnites fasoncauruma forma, kas nepielauj detalu slidi. Lai to realizetu, konstrug asites raksturigo
punktu trajektorijas 1 un 2 (5. att.) un tam atbilstosi nosaka fasoncauruma elementu 3 un 4 formu (veidojas it ka
vadiklas, kas nepielauj detalu noslidi).

Teorgtiskajos petijumos ir iegiiti vienadojumi jebkura asites punkta kustibas trajektorijas noteiksanai [6.].

Slédziens
1. Teorgtiskajos petijumos iegiiti vienadojumi speku noteikSanai k&des rites berzes Sarnira. Speki noderigi
k&des detalu stipribas aprekiniem,. ka arT sazobes kvalitates analizei un uzlaboSanai.
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1

5. att. Plaksnites fasoncauruma elementu formas noteikSanas shéma:
1 un 2 — asites raksturigo punktu kustibas trajektorijas; 3 un 4 — plaksnites
fasoncauruma “vadiklas” asttei; 5 — asite; 6 — plaksnites darbiga virsma.
Fig. 5. Determination sheme of the plate figure opening element shape:
1 and 2 — axle characteristic point motion trajectories; 3 and 4 — plate figure opening
“directing surface” for the axle; 5 — axle; 6 — plate operation surface.

2. Ke&des asttes un plaksnites pretizslides nodrosinajums reala k&des konstrukcija tiek garantets ne tikai ar
berzes spekiem $arnira, bet ari ar plaksnites Ipasu fasoncauruma geometrisko formu. Abu panémienu kombinacija

nodroSina Sarnira detalu pareizu darbibu.
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AUTORU IEVERIBAI

Latvijas Lauksaimniecibas universitates Raksti
ievieto publikdcijas par nozimigiem originaliem,
teorCtiskiem un eksperimentaliem pétljumicm, kas
interes€ zinatnieku un nozares specidlistu auditoriju.
Publicg arf nozares zinatnes parskatus un hronikas
rakstura materialus.

Manuskriptus autori iesniedz tchniskajam redaktoram
latviedu, ang|u, krievu valoda. Personas, kas iesniedz
manuskriptu, to paraksta un pilniba atbild par iesniegta
manuskripta IpaSuma tiestbam un zinatnisko limeni.
Redkolégijai ir tiesibas paklaut manuskriptus talakai
izvertéSanai un iznp€muma gadijumos arT noraidTt, ja tie
neatbilst vispar&jiem publikacijas kritérijicm vai tiek
uzskatiti ka nepieméroti LLU Rakstiem. Icsniedzot
manuskriptus publicg$anai, autors(i) apliccina, ka
darbs nav iepriek§ publicCts, nav parcdzéts
publicEsanai citos izdevumos, un to izlasijusi un
atzinusi par labu visi autori. Autori picskir ekskluzivas
tiesbas Latvijas Lauksaimniccibas universitatei
lesniegta raksta public€sanai.

VElama rakstu struktiira: virsraksts (raksta valoda un
anglu valodd); auters vai autori — pilni vardi un
uzvardi, darba victas nosaukums (raksta valoda un
anglu valoda), pilna pasta adrese, tilrupa numurs,
fakss, e-pasta adresc; abstract — kopsavilkums anglu
valoda [1dz 250 vardiem viena rindkopa izsme|ogi
informé par raksta icklauto datu bitibu; key words —
ne vairak ka 5 (angju valoda); krievu un anglu valoda
iesniegticm rakstiem kopsavilkums — latviesu valoda
viend rindkopd; ievads — situdcija un hipotdze;
materiali un metodes - pétfjuma objekts, metodes
un metodika, lai ikviens glitu prick$statu par p&tijumu
gaitu; rezultati — teksta, tabulu, attélu veida ar
atbilstosu datu ticamibas nov@ért§jumu un rezultatu
analizi; diskusija — p&tfjumu rezultatu interpretacija,
saltdzindjums ar citu autoru lidzigiem pétijumicm,
jaunakajam zindtnes atzinam; secinajumi;
literatiras saraksts. Manuskriptu apjomam
nevajadz&tu parsnicgt 15 lappuses — originalrakstam,
20 lappuses —apskata rakstam un 6 Tsiem zigojumiem.
Manuskripta janumurd lappuses, attéli, tabulas un
formulas.

Teksts

Darbs janoformé datorsalikuma programma MS Word
uz A4 formata lapam, lictojot Unicode fontu Times
New Roman ar izm@ru 12. Pamatteksts sastav no
rindkopam. SareZzgTtu un optiski griiti uztveramu burtu
veidu lietofana pamattekstd nav piclaujama. Teksta
laukuma attalums no lapas malam - 25 mm.
Rindstarpu attalums ~ 1.5. Skaitlos ka decimaldalitajs
jalieto punkts, nevis komats. Manuskripta lietojamas
Sl sistemas m&rvienibas un arT atticcTgic saisinajumi.
Tabulas

Tabulam (visos potencidlo izdevumu manuskriptos)
jabut veidotam programma MS Word vai Excel. Tabulu
virsraksti, teksts tajas un paskaidrojumi pic tam
tulkojami arT angju valoda. Tabulam jabit saprotamam
art tad, ja teksts nav lasits. Tabulu numuri jaraksta ar
arabu cipariem labaja pus€ virs virsraksta. Tas nedrikst
parsniegt apdrukai parcdz&to lapas laukumu, un tabulu
zemteksta piezZim@m jabut uz tas padas lapas. Ja tabula
turpinas uz vairdkdm lappusCm, tabulas galva bez
virsraksta jaatkarto katra lapa, virsraksta vieta rakstot
«.....tabulas turpinajums» vai «...... tabulas
nobeigumsy». Nav ieteicams veidot tabulas, kurdm
rindu vai kolonnu skaits mazaks par tris. Kolonnas
skaitliem jabat nolidzinatiem. Daudzzimju skaitli
jasadala grupas pa trim. Ja kolonna uz leju atkartojas
tas pats skaitlis vai teksts, tas jaraksta atkartoti,
nedrikst likt atkartojuma simboliku.

Atteli

Diagrammas, zZim&jumus un fotografijas uzskata par
atteliem. Attéliem jablt melnbalta izpildijuma un tic

novietojami teksta beigds uz atscviSkam lapam.
Skanétos att€lus, digitalas fotografijas un Zim&jumus
var veidot jebkura grafiskaja programma, bet ievietot
tos MS Word ka attelus (Picture), nevis ka attiecigas
programmas objektus. Diagrammas ietcicams veidot
MS Excel vai MS Word, izmantojot Microsoft Graph.
Diagrammas vélams izvairitics no fona toncjuma un
leramg&juma lniju lieto$anas; tiklu Iniju biczumam
jabiit Y4 pt, rakstzimju izm&ram jabit tidam pasam ka
pamatteksta. Attlos jaizvairas no uzrakstiem uz ticm.
Uzrakstu vieta lietojami simboli vai cipari, kas
atSifr€jami zem attSla. Paraksts zem attéla sakas ar
atttla numury, tad seko nosaukums, kas atkldj vai
raksturo att€la redzamo, un tad attcla lietoto ciparu,
simbolu atsifiGjums. Attéla nosaukums un visi
paskaidrojumi taja tulkojami arT anglu valoda.
Formulas

Formulas jaraksta MS Equation programma.
Formulas tcksta raksta atsevi$kd rinda pa vidu.
Formulas numuré&, numuru rakstot taja pasa rinda starp
divam apalajam ickavam lapas labaja pusé. Formulas
lictotajam pamatvienibu lielumam jabat tadam pasam
ka pamatteksta. Kursiva rakstami picnpemto
apzim&jumu simboli. Formulas ietverto liclumu
mdcrvientbas raksta aiz to nosaukumiem vai
skaitliskajam vértibam teksta. Formulu paskaidrojumi
rakstami aiz formulas, katrs savd rindd. Starp
paskaidrojumu un mérvienibu liek defisi, bet aiz
mervienibas — semikolu, un aiz p&d&jas mcrvienibas
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