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The analyze of theoretical equations proves, that progress and sustainable development
can be achieved only by developing environmentally sound technologies on the basis of
industrial ecology.
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PIEAUGUMA INTENSITATI
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Abstract. Also, each treatment of the field results in a certain stress for the plants. The
natural physiological processes within a plant are hindered influencing the growth of a plant.

The objectives of the paper were to determine influence of retardant, herbicide and
nitrogen on growth dynamics and the development of vegetation stages in winter wheat. The
field experiments were carried out during 1998 to 1999 in Research and Training Farm
"Péterlauki” on sod calcareous medium loam, pH gcr — 7.0, humus content 20 to 25 g kg‘] in
soil. The research was carried out in the fields of intensive type of winter wheat 'Otto' with the
following treatmenis: control; control + herbicide; control + retardant; Ngo + 70 +40 +
retardants.

Herbicide Dialen (2,0 | ha™) and retardant Cikocel (1,51 ha™)) was applied during the
final stage of tillage, when testing parted nitrogen fertiliser, the first part (N ¢) was used after
vegetation period was resumed. The second part (N7) was applied at the beginning of
stalking stage (Zadoks Growth Stage 30). The third part (Nyg — during shooting into ears.

The growing dynamics was registered by aucsinogrophs (designed by 1.Gronskis,
M.Abolins). This equipment allows to observe and to register the intensity of plant growth
length within twenty—four hours. Registration tapes were changed every twenty—four hours.
The analysis of the results showed that the most intensive. plant growth happened in the
morning (9:00 — 12:00 a.m.) and in the afternoon (3:00 — 6:00 p.m.). A decrease in the
growing intensity was observed during night and midday. The data show how that the growth
of winter wheat was seriously hindered even 2 weeks after the treatment with agro—chemicals.
Winter wheat growing in length stops in the middle of flowering stage.
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Tevads

Maksimalu kultliraugu raZu var panakt, pareizi kopjot un méslojot s&jumus. No visiem
mésloSanas lidzekliem slapeklim augstu razu ieguvé ir vislieladkd nozime, bet paliclindtas
slapekla devas var biit par iemeslu sgjumu veldrei. Bez slapekla paaugstinatim devam
veldrésSanos var izsaukt aif nepietiekami gaismas apstakli sabiezinatos s&jumos, brazmains
v&j§, dazadas séniSu slimibas u.c. apstdkli. Augiem saveldrjoties varpoSanas fazé graudu
razas zudumi sastada 30%, piengatavibas fazé — 20%, vaska gatavibas fazé — 12% no kop&jas
razas (Kopames B.M.,1992), bet saveldréta lauka novakSanas izmaksas var

palielinaties lidz 3,6 reizém (Tpuuuenxo A.JI.,1983) . Cikocels 750 ir graudaugu

augSanas regulators ar sistémisku iedarbibu, kura darbigd viela ir hlorholinhlorids. Tas tiek
uzpemis augh caur lapdm un sakn®m. Prepardts saisina stiebra starpmezglu posmu garumu,
palielina stiebra iztwibu un samazina veldréSanas risku. Labi méslotdas augsnés Cikocels
samazina stiebra izstidz88anu un novajinasanos, ko izraisa augsts méslojuma limenis vai
sabiezinats s€jums, turpreti nepietiekosi méslota, slikti attistita zelmenT vai augsnés, kuras cie§
no sausuma, tas reti dod labus rezultatus un var pat samazinat ra%u (Kemira, 1998). Retardants
augiem palielina elpoSanas intensitdti, padzilina cero$anas mezgla dzilumu augsné
(TsragemmeBa O.M.,1979; Kupesax M.B., 1978) un attista sakqu sistému, 1idz ar

to labak izmanto méslojumu. Siem augiem ir lielaks produktivo stiebru skaits un izturiba pret
sakgu puvi, ka arl pagarinas generativa faze, ka rezultatd graudos uzkrijas vairak asimildtu un
palielinds raZiba (Tmamsmesa O.M.,1979; Tpysmer J.I'.,1980; IIuxym
T'.P.,OmenbsaxHen, B.®., I'pumHuenko A.JI., 1980). Par to, vai retardantu
lietoSana var izmainit graudu kvalitativos raditdjus, pastav pretrunigi viedokli. Péc vairdku
zinatnieku pétiumiem ir pieradijies, ka hlorholinhlorids iedarbojas uz amilazes aktivitati un
samazina peroksidazes aktivitati. Graudos pieaug olbaltumvielas un lipekla daudzums
(DepxaBun JI.M., CegmomBa E.B.,1983).

Nezalu iznicinaSana s&jumos ir Joti nozimigs fidens reZima reguléSanas papémiens, jo
nezalu patérétie milzigie fidens daudzumi nereti parsniedz kultiraugu tidens patérinu. Nezalu
apkaroSanai Sobrid piedavato herbicidu spektrs ir loti pla¥s. Herbicids Dialéns pieder pie
auksingrupas herbicidiem un lidzigi ka 2,4 — D augos iekldst galvenokart caur lapam.
Prepardts, nokllstot uz lapam, pa vadaudiem izplatds visd augd, iedarbojas fitotoksiski.
Aukstni, k3 arT citi fitohormoni augiem rada stimul&josu efektu un §i stimulacija kalpo par
hormonu aktivitates parametru. Augu apstradajot ar avuksingrupas herbicidiem var izsaukt ne
tikai biokimisku procesu, bet arT RNS sintézes stimulaciju, audu aug$anas izmaipas (Mann J,
1968) un lipidu sintézes dtruma palielinaSanos (Irvine A.M. w.c., 1977), kas morfologiska
limeni parasti izpauZas paatrinata sakgu un augu aug§éjas dalas — lapu un stiebru augfana,
dazreiz izsauc ar1 lapu augSanas anomadlijas (denxe K., 1985).

Literatlird ir maz datu par to, ka agrokimikalijas ietekmé augu augSanu un attistibu
dazadas augu attistibas fazés. Darba meérkis ir noskaidrot, ka auksingrupas hetbicids,
retardants un slapekla méslojums iedarbojas uz ziemas kvieSu augSanas intensitati vegetacijas
perioda daZados meteorologiskos apstaklos.

Metodika

Lauka izmeégindjumi jekartoti LLU Lauksaimniecibas fakultates macibu pétjjumu
saimnieciba “Péterlauki”. Augsne — puteklaina smil§mala lesivéta briinaugsne, ar augstu
fosfora un kalija nodroSindjumu, pH yo— 7,0 un tridvielu saturs 21 — 25 g kg™ augsnes.
Reizé ar s&ju augsné iestradati mineralmésli NPK (6:24:30) 200 kg ha™'. Patijumu veik$anai
izmantota intensiva tipa ziemas kvie$u Skirne ‘Otto’, ar $adiem variantiem: kontrole (bez
slapekla méslojuma un citu agrokimikéliju lietofanas); kontrole + herbicids; kontrole +
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retardants; slapeklis (N g , 7o 49) + retardants. Ziemas kvie$u s&jumi ar herbicidu Dialénu (2,0
I ha") un retardantu Cikocelu (1,5 1 ha™) apsmidzinati cerofanas fazes beigds. Slapekla
meslojuma varianta pirma deva N, iestradata pec vegetacijas perioda atjaunogans, otrd — N,
— stiebroSanas fazes sakuma (29 - 31 faze), bet treais papildmeslojums N, dots varpoSanas
faze.

Kviesu augSanas dinamika noteikta ar auksinografiem (autori I.Gronskis, M.Aboling),
kas registré augu augSanu garuma. Auksinogrifi izmégindjuma uzstaditi pavasari péc
vegetacijas perioda atjaunoSanas, uzskaite beigta péc augu aug$ana garuma izbeigdanis, t.i.,
ziedeSanas fazes beigds. Katra cksperimenta lauka vienlaicigi bija pieslégti 2 auksinografi, -
mainot pieraksta lentas noteiktd laikd katru diennakti. Augu augSanas dati analizéti ar 1
stundas intervalu, 1idz ar to iegiita informacija par augu augsanas intensitati ne tikai diennakti,
bet ar pa augu attistibas fazeém.

Rezuitati

Vieni no noteicoSajiem augu augSanas un attistibas apstakliem vegetacijas perioda ir
meteorologiskie apstakli. Laika, kad augi visintensivak attistds, abi izmégindjuma gadi
raksturojas ar atSkirigiem meteorologiskajiem apstakliem (tab.).

1998. gada vegetdcijas sakums raksturojds ar samérd siltu un mitru pavasati.
Vegetacijas periodam atjaunojoties, laiks pieturgjas silts un saméra sauss, bet maija II un I
dekade, kad augi atradas stiebroSanas faze, nokriSnu daudzums parsniedza pat 2,4 reizes
ilggadigos raditajus. Arl jiinija nokriSnu daudzums parsniedza normu.

Tabula

1998. un 1999. gada meteorologisko datu salidzinajums

1998.2.1° C, pa 1999.g,t° C, pa
Menesi dekadem dekddem
I I 11} I II 51
Aprilis 1,7 6,4 | 15,1 6,3 89 | 11,1
Maijs 13,3 | 12,5 11 5,1 8,8 | 14,5
17,4 | 163 | 144 16,8 | 206 | 17,3
1998.g. nokrisni pa 1999.g. nokrisni pa
Meénesi dekadeém, mm dekidem, mm
L I I il 1 I 18
Aprilis 11 15 0,5 15 5
Maijs 25 52 67 6 0 29
~ Jinijs 30 33 13 17 4 52

1999. gada vegeticijas periods kvieSiem atsdkas aptuveni viena laika ar 1998. gada periodu,
tomér §1 gada meteorologiskie apstakli labibu augSanai bija atSkirigi. Aprilis raksturojas ar
siltu un sausu laiku. Nokrifnu daudzums nesasniedza pat pusi no méneSa normas. Arl maijs
bija Joti sauss — I un I dekade nokri§pu praktiski nebija, tikai maija beigas nolija lietus, kas
tomar nespdja segt fidens deficitu augsné. Jiinija sakuma, kad ziemas kviesi atradas karoglapas
fazs, laiks bija karsts ar nelielu nokriSpu daudzumu, bet varpoanas un ziedeSanas laika
temperatiira bija aptuveni par 5% C augtaka neka parasti $ai periodd, un nokriSpu daudzums
bija niecigs.

Ziemas kvie$us ar agrokimikalijam smidzindja abos izmé&gindjumu gados viena un taja
padd augu attistibas faze, tomsr iegiitie dati bija atSkirigi. Pirmaja izméginajuma gada
kontroles varianta kvie$i intensivak auga 2 mezgla fazé. Arf pargjas fazés Sai varianta auga
pieauguma intensitate bija lielaka, nekd izmantojot pesticidus. 1998.gadd péc sejumu
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apsmidzinasanas ar pesticidiem vérojama kvie§u augSanas diennakts ritmu izmainas. legitie
dati norada, ka biitiski traucéta ziemas kvie$u aug§ana novérota vél 2 nedélas.
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Diennakts stundas

—a— Kontrole 14.05.98, ® Herbicids 14.05.98.
—&—— K ontrole 22.05.98. —e—Herbicids 22.05.98.

l.att. Ziemas kvieSu diennakts ritms 5. un 14. diena p&c apstrades ar herbicidherbicidu
(l.att.), jo Fraq = 23,01 > F o5 = 4,60. Turpmakas diends herbicida ietekme uz diennakts
pieaugumu mazindjas un diennakts pieaugums bija gandriz vienads ar kontroles variantu
(2.att.). Velakas attistibas fazgs — varpoSanas un ziedeSanas fazes sakuma kvieSu augana bija
intensivika neka kontroles varianta. Sai laika apstradito kviesu garums parsniedza kontroles
augu garumu.

Intensivaka augSana variantd ar slapekli un retardantu novérota laikd no ceroSanas
fazes beigam lidz 2 mezglu fazei, bet retardanta ietekmi vargja novérot arT turpmakaji augu
augSand. Neskatoties uz to, ka Seit lietota loti liela slapekla méslojuma deva (170 kg ha™), kas
ietekmé augu straujaku aug$anu garumai, kvie§u pieauguma intensitate samazinajas.

1999. gada vegetacijas perioda sakumai starp variantiem ipasas atkiribas augu augSana
netika novérotas, bet sdkoties sausajam un karstajam periodam, retardantu lietotajos variantos
konstatéta lielaka augSanas intensitite.

ZiedgSanas fazes sakuma kvieSu aug8anas intensitate samazinds un §is fazes beigas ta
partraucas, bet sldpekla un retardanta varianta sakoties ziedé$anas fazei, augu augSana garuma
turpindjas un Sai laikd augi auguma parsp&ja visus variantus. Labibai pédgja meslojuma deva
dota varpoSanas fazes sakuma. ZiedéSanas laika augu augianas regulatoru ietekme mazinas,
turpretim iedarbojas p&dg€ja slapekla meslojuma devas ietekme uz augsanas intensitati.

Lietojot retardantus, ziemas kvieSiem var palielindt slapekla méslojuma devu
nebaidoties no augu veldres. Lietojot paaugstinatu slapek]a devu, augiem veldréSanas pazimes
netika novérotas arT mitrd un negaisiem bagatd 1998. gada sezond. Augu stiebri retardantu
ietekmé ir stingi un veldres izturigi, kas neparprotami ir svatigi raZas un tds kvalitates
nodrosind§anai.

Saja eksperimentalajd gada ari starp herbicidu un kontroles variantu tik krasas
izmaipas augu augSanas ritmiem netika nov@rotas. P&c apsmidzind$anas ziemas kvie§u
augSana tika nedaudz kav&ta, bet desmit dienas p&c apstrades $i varianta augu augSanas
intensitate diennakii strauji palielindjas un jau stiebroSanas laika parspgja kontroles varianta
augu garumu. Vislielakas atSkiribas augSana tika nov&rotas p€d&jas lapas paradiSanas fazes
laikd. Turpmakajas attistibas faz8s lielu atSkiribu starp abiem variantiem nebija. Abos
izm&ginajumu gados visos variantos avugu augSana garuma beidzas zied€Sanas fazes laika.
Agrokimikaliju lietoSana s€jumi pagarindja kvieSu augSanas ilgumu vidgji par 3 — 5 dienam.

Izanaliz&jot paraugkiilus, konstatSts, ka abos izmégindjuma gados agrokimikaliju
ietekme uz augu garumu ir bijusi dazada (3.att.).
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3.att. Augu garums 1998. un 1999. gada, cm

1998. gada ar auksingrupas herbicidu apstradatie augi uzradija lielako augumu, bet ar
retardantiem

1999. apstradatie augi no kontroles varianta atpalika garuma vid&i par 18,28 cm. Ari
palielinatas devas slapekla variant3 retardants ietekmégja augu garumu un vid&jais augu garums
bija mazdks neka neapstradatiem augiem. 1999.gada augu augSanu stipri ietekméja sausais
pavasaris. ArT $aja gadd herbicidu un retardantu variantos, kur slapekla méslojums netika
lietots, augu garums bija lielaks par 11 — 12 cm, slapekla variantd starpiba bija vél lielaka.
Retardants Cikocels veicina saknu sist€mas attistibu, 1idz ar to augi labak izmanto méslojumu
un tdeni. Laika, kad kontroles varianta augi saka izjust fidens deficitu augsné, to augSanas
intensitate samazindjas, bet par€jos variantos augiem retardanta ietekmé& saknu masa
palielindjas un augi produktivak sp&ja izmantot dzilakos augsnes slanos atrodogos Gdeni.

Secindjumi

1. Ziemas kvie$us apsmidzinot ar auksingrupas herbicidu un retardantu, it vé€rojamas augu
augfanas ritmu izmainas. Apstradatie augi izjut stresa situdciju aptuveni [idz 10 - 14
diendm péc apstrades. '

2. PietiekoSa augsnes mitruma apstaklos augu augSanas regulators Cikocels butiski samazina
kvieSu stiebru garumu. NepietiekoSa mitruma apstak]os ar retardantu apsmidzinatie augi
uzridija lielaku augu augSanas intensitdti un to garumu, jo pastiprindtas augu sakpu
augSanas rezultata augi sp&ja labak izmantot augsnes produktivo mitrumu.

3. Augiem intensivakais augSanas periods ir stiebroSanas fazg, bet augu augSana visos
variantos beidzas ziedeSanas fazes beigas. Agrokimikaliju lietoSana s€jumos pagarinaja
augsanas ilgumu vidgji par 3 — 5 dienam.

4. Retardanta ietekme uz augu augSanu novérota lidz varpoSanas fazei, bet dalitd slapekla
ietekmeé $ai varianta augu aug$ana zied€$anas faze bija intensivaka.

5. Augu garums péc auksingrupas herbicida lietoSanas sgjumos palielinas, bet retardanta
ietekme uz augu garumu at8kirigos meteorologiskos apstaklos ir dazada.
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MINING BLOCK STABILITY ANALYSIS IN ESTONIAN OIL SHALE
MINES BY STATISTICAL METHODS
IGAUNIJAS DEGSLANEKI.A BLOKU STABILITATES ANALIZE AR
STATISTIKAS METODEM

J~R.Pastarus, Tallinn Technical University, Department of Mining, Tallinn, Estonia.
T.Tomberg, Tallinn Technical University, Department of Mining, Tallinn, Estonia
82 Kopli St.,Tallinn, 10412, ESTONIA. Phone: (372)6203850

Abstract. This paper analysis the stability of the mining blocks in Estonian oil shale
mines, where the room—and—pillar mining system is used. The pillars are arranged in a
singular grid. The processes in overburden rocks and pillars have caused the subsidence of
the ground surface. Statistical analysis of the pillars cross—sectional area evaluated the
calculations. Normal distribution control allows determing the stability of a mining block. By
normal distribution of the pillars cross—section area a potential collapse of a mining block
can be expected. Theoretical and in situ investigations in Estonian oil shale mines showed
that their results are close to the modeling ones. The surface subsidence parameters will be
determined by conventional calculation schemes. Presented method suits well for mining
block stability analysis and spontaneous failure prognosis.

1. Introduction

The most important mineral resource in Estonia is a specific kind of oil shale. Its
deposit is located in a densely populated and intensely farmed district. It is estimated that
about 80-90% of the total underground oil shale productlon is obtained by room—and-pillar
method. The area mined by this method reaches 100 km?. It has become apparent that the
processes in overburden rocks and pillars have caused the mining block collapse accompanied
by significant subsidence of the ground surface. The first spontaneous collapse of the pillars
and surface subsidence took place on 1964. Up to present, 39 failures in Estonian oil shale
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