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IEVADS

Geogafiski Latvija atrodas graudaugu awdanai vid;ji
lab\eliga zora. Graudkofbai Latvijas teritori vienner bijusi un art
turpmek saglatasies prioriira noZme, ierojot graudu produktapaso
lomu korgja partikas bilane.

KvieSi pieder pie visveakajiem kultiraugiem, plagk
audztajam un \ertigakajam laltbam. Ziemas kviesi ir @rena klimata
plastisks kultraugs, kas piednots audzSanai daZdos apsiklos.
Latvija ziemas kvieSu pldias saskg ar oficialajiem statistikas datiem
2009. un 2010. gadija 212.4 un 221.3ikstoSi ha.

Latvijas augsnes g saam ipasbam ir loti neviendaigas,
daZda ir to augba un razotsga. BieZi vienas saimni@tas robeZs ir
platibas ar at§rigu augsnes granulometrisko fast daadu organisko
un augu babas vielu saturu. Nereti jaunapgs platbas apvienotas
kopa ar iekopim, dz ar to augsnefpaldbas daZdas lauka dis ir
atkirigas. Prasigi saimniekojot, So augsnes neviamibu var
izlidzinat un iedit labas raZas vidauka plaiba.

LidzSirgjie petijjumu rezulsti citas Eiropas Savi@has (ES)
valstis, t.sk. Latvif liecina, ka ir uzkati zinatnisko fEtijumu rezulsti
par augsnes ap&fu (tilpummasas, aramkas sakrtas bivuma,
organisko vielu satura, granulometiiskasiva, aramirtas biezuma
u.c.) ietekmi uz laibu razm, ka an sniegts So faktoru raksturojums
saistba ar augsnes apsttes diferences ie8ju teowktiskajiem
aspektiem.

Latvija ir an dati par augsnes apklu ietekmi uz laibu razm
ieverojot vierigas at&iribas principus iztizinata lauka mezoreljefa un
iepriekS nosauktoaditaju apstklos, t&u Sie dati un to profesiata
interpreficija ir ar ierobeZzam atkartojambas iespjam raZoSanas
apstiklos un ar lielu visu iepriekS nosaukto faki@wipaamiju vareSanu.
SaidzinoSi maz ir datu par augstuma vifsas Imepa, ka an reljefa
formu lka faktora ietekmes artgjumu uz lalbbu atistbu, bez
rekomendcijam par reljefa formu raditu parveidoSanu.

Tikai pedejos gados, pateicoties agrofizi@ ipasbu izpetes
instrumendla nodroSimjuma kvaliites izmanam, ir veikti gEtijumi par
augsnes mitrumu, akrazu atgirtbu veidojoSo faktoru ar pietiekoSu
atkartojumu skaitu.

Latvijas Lauksaimnigbas universittes Augsnes un augu
zinatpu institita Edejo gadu @tijumu rezulsti liecinaja, ka Emumu
atbalsta sigmas izstide faktoru kolinearittes apsgtklos nav vienkrss
process. Tika apr@ba razoSanas ap&liem piengrotaka izpetes
metodolgija lietojot glokalas poziciogSanas (GPS) un lakis
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geogafiskas infornmacijas sistmu (GIS), bet augsnes agrofizio
ipadbu pamatiditaju grupm aramkrtas safrtas bfvumu noteikSanu
aizvietojot ar operatak iegistamiem datiem par augsnes
penetrometrisis pretesbas atgirtbam un augsnes mitruma noteikSanai
lietojot sensoru tehnogfjas. RazoSanas apkios tas atvieglo apaties
diferences dmumu pimemSanu un tai vaik piengrotako Kkriteriju
izveli.

Eiropas Savieivas un arAmerikas Savienoto Valstu firmu un
universitiSu ziratniskas darbbas rezultta ir parakts programmairas un
sensoru tehnikas nodro8jums raZu karSu ieguvei, lakm GIS
vajadibam izveidotas programmas digt karSu, taj skaig
tehnolgiiju diferences, veik3anai. Atseki§ ES universiSu darba
rezulita (BonnasKiles u.c.) ir izs@dati modui tehnolgsiju diferences
izpildei, izmantojot GPS. To mehiska girnese uz Latvijas apitiem
nav profesiodli un zimtniski pamatojama vispirms &igigo
meteorolgisko un ar augsu apsiklu ckEl.

Darba hipotéeze

Reljefa neviendalgums un augsnetpadbu varicijas hitiski
ietekng razas veido3anos, ¢ta to ietekmi var mazit pielietojot
preazas laukkopbas tehnolgijas.

Petijuma merkis

Noskaidrot reljefa un augd ipasbu radta neviendatguma
ietekmi uz ziemas kvieSu razu, arémy diferen&t laukkopgbas
tehnolgijas, lietojot glolalas poziciorSanas (GPS) ugeogifiskas
informacijas sistmas (IS) elementus.

Darba uzdevumi:

1. noskaidrot reljefa ietekmi uz augsnes &gmiskagm un
agrofizikalajam ipa3%bam, un So vadciju racdto lauka
neviendafigumu;

2. noskaidrot lauka neviendajuma ietekmi uz ziemas kvieSu
razu;

3. nowrtet tehniskis iesgjas palipeniski izidzinat lauka
neviendaguma ietekmi.

Pettjuma novitate:
1. skaidrota reljefa un maigu augsnegpadbu ietekme uz ziemas
kvieSu razas veidoSanos;
2. vertetas iespjas maziat augsnes un reljefa neviendgbma
ietekmi, lietojot GPS ug1S piedivatas iesgjas;



3. nowrteta parcilo korekciju apekinu pielietoSanas iesjas
augsnes neviendauma ietekmesartejuma.

Petijuma rezuliti apkopoti un atspodati 9 publikacijas
latvieSu, antu un krievu valod, tai skaif starptautisko konferen,
simpoziju un ziatnisko semifru recenztas starptautigis publilacijas.
Par ziratniska darba rezufitiem sniegti 10 mutiski refati un 1 stenda
zinojums starptautisis ziratniskas konferenes.

Petijums veikts, pateicoties Latvijas Zimes padomes projekta
Nr. 09.1448 un Izgtibas Ziatnes ministrijas projekta Nr. 06.6-xi 13
finansjumam.

Petijums veikts ar Eiropas Sati Fonda apakSaktivites
»Atbalsts doktora studiju programmistenoSanai” projekta ,Atbalsts
LLU doktora studijuistenoSanai” mrkfinangjuma atbalstu. VienoSas
Nr. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/0L7.

PETIJUMA APSTAKLI UN METODIKA

Lauka eksperimentu ake bija Latvijas Lauksaimnigzas
universiites nacibu un @tjumu saimnietba ,Vecauce”, kur
2004. gad iekartots izntginajums Kurpnieku lauk, kura ar GPS atlikti
47 stacioari noverojumu punkti (50x 50 m) pavasarziemas rapsa
(Brassica napussp.oleifera) sgjuma. Divus gadus (2005. un 2006 3cp
tam €klaudZSanai aud#i ziemas kvieSi Triticum aestivurrL.) &irne
‘Tarso'.

Punktu koordiatu noteik3ad izmantots pozicio¥tajs
Garmin iQ 3600 (plaukstdators) ar AGROCOM prograrttings
AgroMAP Professional nodrogijumu, kaslava noteikt punktus lauka
apstiklos ar precizitti + 3 m, un noteikt lauka ko@tu - robezas. No
plaukstdatora esas informacija parnesta portavaja datos, ar
specializto datorprogrammu AgroMAP Professional. Programm
ievadot attietgo nErjjumu datus iegtas kartogrammas par auguibas
elementu saturu, augsnes mitruma saturu, augsnestrpetrisko
pretestbu dazdos dzjumos, razu u.c. Visas digiis kartogrammas bija
ar garuma un platumaatu koordiratem. Fec razas kartes izveidoSanas
sekoja @mkamie infornicijas iewikSanas posmi lauka raksturoSanai un
razas diference<lonu noteikSanai.

Noverojumiem pared#ajos staciofirajos piesaistes punktos
noteikti &di raditaji: augsnes mitrums, %, no augsnes porué&kop
tilpuma, augsnes @jos no 01dz 45 cm (0 - 5; 20 - 25; 40 - 45).
Augsnes mitrums 2005. un 2006. gada raderneikts augsnesasii no
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0 -5 un 20 - 25 cm, bet 2006. un 2007. gada pavagas dziumos.
Mitruma saturs augsmnoteikts ar rokas mitrumaamSanas iaci HH2
(Moisture Meter Version 2.1), 3 atiojumos, katk piesaistes punkt
lekartas nerjumu Kada = 3%. Mitruma maritajs ir sensora tipa, kuru
iedzilinot augsh tiek nofiksts attie@ga augsnes 8ha mitruma saturs
un registrets nerinstrumenta displégj

Augsnes penetrometriskpretesiba, N cn¥, noteikta augsnes
slanos no 01dz 50 cm (0 - 10; 10 - 20; 20 - 30; 30 - 40; 400) &ar
Eijkelkamp rokas penetrometru, 4 aiojumos, kati piesaistes punkt
Rokas penetrometrs ir indikas nErinstruments, lai spriestu par
augsnes penefrijas pretesbu. leldrtas nerijumu Kiada+ 8%. Atkafba
no augsnes bluma izmanto maamus uzgéus 1 vai 2, maksiatais
merjumu  dziums bez urbSanas 50 cm. Viedrmgi spiezot uz
penetrometra rokturiem ar konstaamumu 2 cm 8, iedziina konusu
augs® un nolasa konkto nErjumu. Augsnes mitrums un
penetrometrisk pretestba noteikta rudanpec ziemas kvieSuég@as un
pavasar at@ikoties veeftacijai AS 11-12 un AS 25-29 (augu wsttbas
stadips).

Augsnes granulometriskais sast, kur$ pgtijjuma raksturots ar
augsnes dmam < 0.01 mm, noteikts lauka apisfos ar lauka metodi.
Augsne samitrifita dz biezas pastas asbklim, starp plaukam
izveidota bumhia, no &s turpnak - stientis, no kura savuitt izveidots
gredzens. Atkaba no bumbnas, stielSa un gredzenta izskata un
stipribas noteikts augsnes granulometriskaisasast

Humusa akumatijas horizonts - (Ap) noteikts lauka afidbs.

Noteikts af karboritu <skSaras dziums, cm. Augsnes
granulometriskais sasts, Ap horizonta biezums un karlabm sikSaras
dzilums noteikts kafrpiesaistes punkt3 vieis, 2005. gada pavasar

Punktu augstums virgijas imena (vjl.), m, noteikts izmantojot
merinstrumentu Trimble GeoXT ar precigtit 0.5 m, katd piesaistes
punk& 2009. gada pavagar

Katra piesaistes punktpec randomizcijas iz\Eles principa
izrakti 10 ziemas kvieSu augi. Augu paraugngati rudem AS 11-12
pec ziemas kvieSuggs un pavasaratsikoties veefacijai AS 25-29,
kuri pec tam analizti laboratorijas apgklos Augsnes un augu zinu
institita Laukkopbas nodi. Augiem noteikts mstu skaits rudan
gab. nf (lauka apsiklos ar uzskaitesamiti 0.20 x 0.50 m), galveno
sakpu garums rudancm (ar lin@lu izmerot galvens saknes garumu),
un auga masa rudenn pavasar g (ar s€rSanas metodi), un ceroSanas
koeficients pavasarParametri izanaléi katram augam un agkinata
vidgja vertiba.



Darba izpildes gait analizta af ziemas kvieSu karoglapa,
izmantojot skeneri un speciadp datorprogrammu WinFOLIA, noteikts
ziemas kvieSu karoglapas laukums, “cnkata piesaistes punit
5 galvenajiem stiebriem AS 43-45.

Ziemas  kvieSi noakti ar graudaugu  kombainu
,CLAAS LEXION 420" GPS, kas bija afkots ar diviem sensoriem,
kuri uzskaifja iekulas masas daudzumu un noteicgs tmitrumu
novakSanas laik. Kombaina graudu mitruma sensoruérjumi
kontroketi un saidzimati graudu pirmapsiides punid pirms kaltSanas
ar mitruma noteigu Supertech Agroline. Pirms graudu raZas
pirmapstides noteica antas tiribu. Kombaina razu kartes izejmadai
veidoSanai izmantoja 6 x 20 m GPS sensoruidasbautomatito
CLAAS sisemu. Graudu razu kartes saitar anaize veidota
pamatojoties uz kombaina ceilfis elektronisks vadbas sistma
uzkratas un gc tam korgetas informiacijas (razas dati izteikti pie 100%
tirtbas un 14% standartmitruma) sadas ar iekufts masas mitruma un
tirtbas &ditajiem, apstidajot tos programm AgroMAP Professional,
kuru izmantojot veikta adigitalo kartogrammu izveide.

Augsnes paraugi adgomiskapm anaizem aramilarta nopemti
ar zondi fosfora un #ija satura, mg kd, tapat af organisis vielas,
g kg*, un augsnes reakcijas pH KCI noteik$anai 20 crfudgi Paraugi
nemti 14.08.2006pec razas nodkSanas kafr GPS piesaistes purakt
3 vietis vidgja parauga veidoSanai. Augsnes parauguizemlveiktas
VSIA ,Agrokimisko [Etijjumu centrs” laboratord} Augiem izmantojam
fosfora un Elija saturs noteikts izmantojot Egnera & (DL) metodi
(LV ST ZM 82 - 97). Organisko vielu saturs noteiktgometriski ar
Tjurina metodi (LV ST ZM 80 - 97).Augsnes reakcija noteikta
potenciometriski 1 M KCI suspensij(LV ST ZM 81 - 97;
LVS ISO 10390:2002).

Aug&u vispargjam raksturojumam ladk 2010. gada 23. un
24. augudt izrakti triis dziie augsnes atsegumi. Paugura virsotnés da
tipiska velknu karbo@ataugsne (Hypocutani-Hypocalcic Luvisol
(Hypochromig), paugura nagzes vidusda uz sateci: tipisk velenu
karborataugsne ar viggas glejoSads pazmém 122 - 181 cm augsnes
slani (Bathystagni-Luvic Phaeozem (Abruptic, Calcaricy) paugura
nogazes lejasda ar sateci: fidaini kiidraira glejaugsngOmbri-Sapric
Histosol (Hypereutric))

Petijuma rezuliti un anaize sadi par pamatwemtas piecas
adens noteces grupas: paugura virsotnes puaktd&nsgirtne; nogize
ar noteci uz pali ar dubultsateci un J&o melioracijas sistmu;
nogizes lejasdas zerakie punkti pakje pie vdeéjas meliokcijas
sisemas un nogges pakjes [Edgjie punkti ar izteiktu dubultsateci,
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kuras ielauti 4 - 21 punkti, kas raksturoja Kurpnieku laukagsu
neviendaigumu unreljefa at&iribu ietekmi. Apgkinos konstdits, ka
nepasiv bitiskas atRiribas starp nagu sipumiem adens noteces
nogaZzu grums, Gpec darta datu anake Sis aditajs netika izmantots.

Datu materatiska apstide veikta izmantojot Microsoft Excel
un SPSS datu apstles programmas, veicot aprakstoSo statistiku,
korelacijas un pardéilas koreficijas anakzes. Humusa akunidijas
(Ap) horizonta biezuma un augsnes organisko viedtura Aditaji
grugeti 2 vertibu kategorigs: zem vidjas un virs vidjas \ertibas. Tie
bija aritnetiskie vicgjie attiedgi starp vi&jo un mininglo, ka an vidgjo
un maksinalo raditaju verttbam. Savukirt razu grupu da@umam par
pamatugemti raZzu kartogrammu dati.

PETIJUMA REZULT ATI UN ANAL IZE

Reljefa ietekme uz augsnes agkamisko ipadbu atskir ibam

Organisko vielu saturs augsa. Latvijas apstkliem
rakstuigos moEnu pauguros ar beznoteces starppauguru igplak
paZzmju savstargas iedarbas skaidrojumprimara noame bija punktu
augstumam. Tie idkva sev sekojoSus elementus - paugura virsoti k
adens girtni, nogazes ar dubultsateci un @ melioracijas sistmu, un
nogazes ar izteiktu dubultsateci (ieplakasgtiPima apstklos uzskami
pamldijas ilgstod laika gaifi izveidofis at¥iribas augsnes organisko
vielu saturam un Ap horizonta biezumam, kas sistr paugurais
notiekoSajiem auggl erozijas procesiem.

Pec adens noteces punktu saiiaina, paugura virsotnes punkti
ka tdensgirtne raksturajs ar itiski augsiku augstumu virsdras
I[imega (vjl.) - 103.1 m, tam pakeniski samazinoties nazges virziea
un viszenako augstumu sasniedzot raags lejasdias pakje pie vdgjas
melioracijas sistmas - 94.5 m, vjl. Kurpnieku laakorganisko vielu
saturs nogzes pakjes [Edejos punktos ar izteiktu dubultsateci bija
47.0 g kg', batiski augstks (P < 0.05 neka paugura virsotnes punktos -
21.5 g kg'. Savulart at&iribas organisko vielu satunogizé ar noteci
uz pakji ar dubultsateci, Vi@jo melioracijas sisEmu un nogzes
lejasddas zerako punktu pakje pie vdgjas meliokcijas sistmas bija
nehitiskas.

Batiski augsiku augsnes organisko vielu saturu #wep
pakajes fEdgjos punktos ar izteiktu dubultsateci var skaidrot@ ka
organisko vielu saturs agrotehriskerozijas uridens plismas rezuiita
no paugura augstajam vieam bija nonests uz zeikajam. Saps vietis
tas bija divreiz augsks, neld paugura virsotnes punktos. Liks
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mitruma saturs bija - mikroieplaknodizes pakjes [Edejos punktos ar
izteiktu dubultsateci, kaselvairak veicindja augsnes neviendaoumu,
jo paaugstiata mitruma & lauka bija izveidojoSies akdrigi augsnes
tipi. Organisko vielu saturaaditaju izkliede visliekka bija starpudens
noteces punktu izvietojuma gram.

Augsnes reakcija. Nogazé ar noteci uz pali ar vagjo
melioracijas sisEmu konstaita hitiski zenmika augsnes reakcija
pH KCI 6.5, nek nodize ar noteci uz padi ar dubultsateci pH KCI 6.8.
Tas bija ar vierigas konstaitas hitiskas starfbas. Augsnes reakcija
0 - 20 cm augsnesasi visas adens noteces grap raksturgjs ka
normala, jo augsnes reakcija bija ki#&h par 6.3. Nogge ar noteci uz
pakaji un nogizes lejasdas zerako punktu paljeé ar un pie vigjas
melioracijas sistmas augsnes reakcija bija Z&ka nele pargjas trijas
udens noteces grap, ko var skaidrot ar di§igo karboatu sakSaras
dzilumu augst Tas ar pamato, ka ir iesjams veikt diferengtu
augsnes uzturo3o ka3anu.

Augiem izmantojama kalija saturs. Butiski (P < 0.05
augsiks kilija saturs (234 mg kY aramkirtas O - 20 cm shi
konstatts nogizes pakjes pEdejos punktos ar izteiktu dubultsateci.
Paugura virsotneadensgirtnes dd bija batiski augsiks kilija saturs
211 mg kg, neki nogizé ar noteci uz palii ar vagjo meliorcijas
sisemu - 155 mg kd. Bitiski viszenikais KO saturs - 140 mg kg
augsnes 0 - 20 cmasl konstagts nogizes lejasdias zerakajos punktos
pakaje pie vdejas melio&cijas sistmas.

Kalija saturs augshbija augsiks paugura virsofhun nogzes
pakajes [gdgjos punktos ar izteiktu dubultsateci, ko var skaidr to, ka
Sapsudens noteces grag bija vaiek mala ddinu. Kalijs ir mobils un ar
nokrijyu adeni ieskalojas diikajos augsnesalos. Zemo Klija saturu
140 mg kg - nodizes lejasdas zerako punktu pakjé pie vdgjas
melioracijas sistmas iespjams var skaidrot ar to, ka visi procesi
intengvak notiek pie vigjas meliokcijas sistmas (aizpist propm)
nela dubultsateg, kur viss koncengjas ilgaka laika period.

Augiem izmantojama fosfora saturs. Bitiski (P < 0.05
augsiks POs saturs augen O - 20 cm dgini, konstatts paugura
virsotnesidensgirtnes d4a - 285 mg kg un nogzé ar noteci uz palki
ar dubultsateci - 274 mg RgBitiski zermiks ROs saturs - 164 mg Kb
bija nodgizes lejasdas zemkajos punktos pale pie vdgjas
melioracijas sisémas (1. att.).
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Noteces punktu izvietojumd.bcation of run-off points

1. att. Fosfora satura, mg'kgd - 20 cm augsnesasi raksturojums
adens noteces gras.
Apzimgjumi: DUBSAT - dubultsatece; VMS - 1&a melioracijas siséma.
Fig. 1. Characterisation of phosphorus content,kgg, in 0 - 20 cm
soil layer in water run-off groups.

Reljefa ietekme uz augsnes agrofizito ipagbu atSkiribam

Augsnes ddinas < 0.01 mm.Augsnes dinu < 0.01 mm
raksturojums lieciia, ka mitiski zenaks to sadtvs bija nogze ar noteci
uz pakiji ar dubultsateci (20.2), betitiski augsiiks - paugura virsotnes
dda - 33.3. Augsnes granulometriskais 8ast ietekng fosfora
uzemsSanu un iestdata meslojuma efektiviiti. Pieaugot rala ddinu
saturam augsn pieaug arfosfora fikdicija.

Humusa akumulacijas horizonts. Humusa akumaktijas
(Ap) horizonts adens noteces grap hitiski lielaks bija nogzes
lejasddas zerako punktu pakjé pie vdejas meliokcijas sistmas -
43 cm, bet btiski zeniks - no@zes pakjes [Edgjos punktos ar izteiktu
dubultsateci 35 cmTo var skaidrot ar to, ka agrotehriskerozijas
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ietekn® augsne sisteftiski tiek nohdita pa no@zi uz leju ar
lauksaimnietbas maham, kas aF rada newlamu diferenéSanos un
augsnes autilas samazi$anos. Atgiriba Ap horizonta biezuin
paugura virsoth saidzinot ar nogzes lejasdas zerakajiem punktiem
pakajé pie vdejas meliofcijas sisEmas bija 7 cmR < 0.05. Ari vgja
erozijas un nokrigu ietekn& Ap horizonts no augaiajam adens
noteces punktu vietn tiek nonests uz zeakajam - bitisku at&irtbu
nav, bet ir @¥rojamas tendences. legpms to var skaidrot ar to, ka
iepriek®jos gados 3aj lauka nebija veikta tik intenga augsnes
apstade.

Augsnes mitruma atkiribu ietekme uz ziemas kvieSu
attistibu un raZzu. Augsnes mitruma ietekmesrgjuma setha iz\eleta
saistba ar ziemas kvieSu astibu, to pafidot kopsavilkuma skatima
2006. un 2007. gada raZai. Konstst ka rudenh ziemas kvieSu
atfisttbas stadijs - AS 11-12 augsnes mitruma lattu ietekme uz
ziemas kvieSu attibu raksturojoSiem aditajiem bija hitiska tikai
2006. gada aptlos, ko raksturoja neliels nokgi$ daudzums (1. tabula).
Batiski (P < 0.05 ziemas kvieSu attibu 2006. gada ruderetekntja
galveno saku garums O - 5 un 20 - 25 cm augsneanisl
Iy =-0.401 urr , = -0.409.

1. tabula /Table 1
Augsnes mitruma(x) ietekme uz ziemas kvieSu distibas raditajiem
(y) 2006. un 2007. gada razai
The effect of soil humidity (x) on the development indices (y) of winter
wheat for the yield 2006 and 2007

Augsnes @ini 0 - 5 Augsnes gint 20 - 25

Rezulgjosas pazmes(y) / cm /In soil layer cm /In soil layer
Resulting characteristics r P vertiba / . P vertiba /
X value w value
ietekmes ®rtejums 2006. gada raZaeffect evaluation for the yield 2006
Ziemas kvieSuaugamasa( g 578 | 0095 | -0233|  0.164
Fresh weight of plant
Galveno saku garums /| 4, 0.013 -0.409 0.011
Root length
ietekmes ertejums 2007. gada razaeffect evaluation for the yield 2007
Ziemas kvieSuaugamasa( 10 | 0499 | -0.178|  0.229
Fresh weight of plant
Galveno saku garums /| 4g 0.469 -0.010 0.942
Root length
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Augsnes mitruma artejums 2006. gadl liecinaja, ka augsnes
mitrumam 0 - 5 cm augsnegdl batiski pozitva ietekme bija uz ziemas
kvieSu cerosanas koeficientn ,, = 0.312, karoglapas laukumu
I = 0.464 un ziemas kvieSu razy, = 0.471, bet 20 - 25 un 40 - 45 cm
dzila augsnes 8hi uz karoglapas laukumuy, = 0.535,r ,, = 0.483 un
ziemas kvieSu razuy, = 0.371y = 0.469 (2. tabula).

2. tabula /Table 2
Augsnes mitruma(x) ietekmes ért gjums ziemas kvieSiem
2006. gad
Evaluation of soil moisture (x) effect on winter wheat during 2006

Rezultjo%s pazmes | Augsnes gini | Augsnes @ini | Augsnes gint
)/ 0-5cm/ 20-25cm/ | 40-45cm/
Resulting In soil layer In soil layer In soil layer
characteristics My
Cerosanas koeficients |/ 39, 0.196 0.108
Coefficient of tillering
Ziemas k\{lesu auga masa / 0.038 0.038 -0.024
Fresh weight of plant
Salgu masa / -0.096 -0.140 -0.068
Mass of roots
Karoglapas  laukums 0.464% 0.535% 0.483*
Area of flag leaf
Ziemas kvieSu raza / - . -
Winter wheat yield 0471 0371 0.469

Ticambas Tmenis /Probability. * P < 0.05 ** P < 0.01

Labibam augsd ir jabut pietiekamam mitruma saturam
digSanas - ceroSanas laikuden un ceroSanas - stiebroSanakusm
pavasar Velak neliels adens defits augsa ir pat &lams, kas ar
apstiprirsjas Etijuma laike. To pamato @juma laiki apgkinatie
hidrotermiskie koeficienti (HTK). 2005. gada seplemHTK bija
0.89 - nepietieckams mitdjums, bet savukt augusta @nes
HTK 3.07 - grlieku mitrs un ar oktobfi pec ziemas kvieSu sagBanas
HTK 1.58 - mitrums pietiekams. Armpavasar atsikoties vegefacijai
2006. gada apif HTK 1.17 - mitrums pietiekams. Sawrk vasaras
menesSosidz ziemas kvieSu kulSanai HTK rakst@isja loti sauss, bet
augusi HTK - parlieku mitrs. Pietiekams mitruma saturs augsn
pozitivi ieteknEja af pargjos razu veidojoSos elementus, jpaSi
karoglapas laukumu un paSu razui 2iemas kvieSu raza 2006. gad
bija batiski lielaka ka 2007. gaad.

Savulkart 2007. gada sakdnu \ertgjums liecirgja, ka augsnes
slanos no 0 1idz 45 cm ltiski pozitva (P < 0.01) ietekme augsnes
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mitrumam bija uz karoglapas laukumu, bet augsreas sb 40 - 45 cm
uz saku masu = 0.318 P < 0.09 un 20 - 25 un 40 - 45 casi uz -
ziemas kvieSu razuy, = 0.299r ,, = 0.340 P < 0.05.

Sakatbu izpEtes rezuliti starp augsnes mitruma un ziemas
kvieSu karoglapas laukuma kitSham pa#dija, ka 2006. gadtikai pie
razu dafjuma virs 7 t ha karoglapas laukumu porit ietekngja
augsnes mitrums 0 - 5 cm flrima pavasar (P < 0.05. Bet 2007. gaal
mitruma ietekme bija dtiski augstaP < 0.07) visos augsnesalos gan
sgjas gada ruden gan pavasar Tas pamato to, ka kalaugiem
noZmigs ir mitrums ne vien araraka, bet atr zemaramérta.

Augsnes neviendalyuma raditaju ietekmes \Ert&ums uz
augsnes mitruma at&iribam. Korelativo sakaibu anaize liecirgja, ka
sakatbam starp punktu augstumu, m, vjl. un augsnes mittumu
raksturojot tos ar lirajiem korekiciju koeficientienr ,, abos ptjjuma
gados bija kofgs raksturs - palielitam punktu augstumam atbilst
pazemiats augsnes mitruma saturs, ko var skaidrot ar &okridens
noteci.

Konstagts, ka no prejo tris pazmju - Ap horizonta biezuma,
augsnes dau < 0.01 mm un organisko vielu saturakatham batiska
ietekme uz augsnes mitrumu visos augsnésosl gan ruden gan
pavasar bija tieSi organisko vielu saturam. Tas Salar [Etnieku
S. K. Roy, S. Shibusawa un T. Okayama itsacka augsnes
zemaramirta parasti tiek noteikta ttiska koredcija starp augsnes
mitrumu un organisis vielas saturu. Konstds, ka litiska ietekme uz
augsnes mitrumu ruden20 - 25 cm augsnes asl bija augsnes
ddipu < 0.01 mm saturam r y, = 0.202 un pavasaAp horizonta
biezumam 1 = 0.243.

Sakarbu starp augsnes mitrumu urgtgmajiem faktoriem
pamato ar tas, ka abos ghjuma gados starp punktu augstuma
atXkiritbam virs jaras imegpa un ziemas kvieSu razu konstat bitiska
negaiva koreficija (palielinoties punktu augstumam samagis raza)
un 2006. gaal kad nokrigu daudzums bija no abiem gadiem
viszenikais, konstatajam sakaibham bija af paaugstiats un Hitisks
ticanibas Imenis P < 0.0)). Lietojot parcilas korekcijas koeficientu,
aprkinus, kuros tiek izslgta punktu augstuma, m, vireras imepa
ietekme, konstats, ka maifga organisko vielu satura ietekme uz
augsnes mitruma &ti§ibam 2006. un 2007. gada razai nemasgin

Punktu augstuma virsijas imegpa negata ietekme uz augsnes
mitruma atgirtbam bija augstka 2006. gada apdtios ar pazemiiu
nokrigiu daudzumu. 2006. gada pavasarganisko vielu satura ietekme
uz augsnes mitruma &t&bam bija lielaka visos augsnesasbs neld
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ruden, bet 2007. gada apkios - pavasaraugsnes shi no 40 idz
45 cm.

lepriekEjais pazmju savstarjo korelaivo sakaibu \Ertejums
liecinaja, ka augsnes mitruma kitSbas 40 - 45 cm augsneérsl abos
petijuma gados iditiski un pozitvi ieteknja ziemas kvieSu razu.

Konstatts, ka vigas adens noteces grap 2005. gada ruden
augsnes 8hos 0 - 5 un 20 - 25 cibija zems, < 25% augsnes mitrums,
pie kam latiski mazks (P < 0.09 tas bija paugura virsotnes punktos -
18.9 un 19.2%, betitiski pieauga nogges virzied un nogizes pakjes
pedgjos punktos ar izteiktu dubultsateci bija visaalats - 23.2 un
24.1%. Savukt 2006. gada ruderaugsnes mitruma saturs 0 - 5 cm
augsnes 8hi bija batiski augstiks nek 20 - 25 cm augsnesasi un
analogi k 2005. gada ruderbitiski zentks bija paugura virsotnes
punktos - 24.9 un 22.5%, un rizgs virzied palapeniski pieauga.
2005. gada rudéraugsnes mitrums 20 - 25 cm augsnasidiija lielaks
neka 0 - 5 cm sini, bet 2006. gada rudef - 5 cm dni augsiks nekd
20 - 25 cm augsnesasi. Nowrotas izteiktas un tliskas atgiribas
augsnes mitruma safuabos ptijjuma gados.

2006. un 2007. gada pavasaugsnes mitruma satursitiski
zeniks bija 0 - 5 cm augsnesasi un dziakos shnos pakipeniski
pieauga. Analogi & 2005. un 2006. gada rudean pavasar mitruma
saturs fotiski zenaks bija paugura virsotnes ldaabos ptijuma gados
robezs no 12.6 - 18.3%, befitiski augstks tas bija nogges pakjes
punktos ar izteiktu dubultsateci, rolhezo 17.8 - 23.3%.

Augsnes neviendalguma raditaju nozime augshes
penetrometriskas  pretestbas atkiribu veidoSara. Augsnes
penetrometrisk pretestba ir viens no augsnes agrofiikjiem
raditajiem, kas noida uz augsnes sadSanos un tieSi var ietekin
augu afistibu, jo prlieku daudz salvéta augse ir apgfitinata
kultaraugu afistba. Abos ziemas kvieSu awdanas gados augsnes
penetrometrisk pretestba izmairas atkatha no augsnes mitruma, ja
augs® mitruma saturs ir zefks, tad penetrometrigkpretesiba ir
augsika, bet, ja augsnes mitruma saturs ir aikgstkas tieSi raksturag
ar bagtigiem nokrigiem 2007. gagl tad penetrometrigk pretesiba
samazifs. Tas ir atkags af no &, kura augsnes shi izveidojas
sabivejums, kus mitrums uzkfijas vaiek. Jnem ar véra, ka ziemas
kvieSu gjumos ziemoSanas periddsala ietekrd izmairas augsnes
penetrometrisk pretesiba.

Augsnes penetrometrigk pretesbas atiiribas ietekra viss
faktoru komplekss, todn prioritara noame bija punktu augstumam virs
juras ifmepa. No @tijuma ieKautajiem faktoriem augsnes
penetrometrisis pretegbas atRiribu veidoSam ziemas kvieSugumos
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ruden - augsnes virgkta batiska P < 0.0) negaiva ietekme bija
augsnes mitrumam 0 - 5 un 20 - 25 cm augsr@s sk, = -0.505 un
r = -0.419. Augstuma d&ifibu bitiska P < 0.01) pozitva ietekme
konstatta augsnes pretélsai ¢ , = 0.247) 10 - 20 cm afi, ka an
butiski negaivi augsnes penetrometrisko pretlestSaj slani ietekngja
organisko vielu saturar (x = -0.254) at§irtbas P < 0.01) un augsnes
mitrums 20 - 25 cm augsnedrdl-r = -0.193 P < 0.05.

Parchlas korefcijas apekini (3. tabula) iz€ldzot punktu
augstuma ietekmi, samagja augsnes mitruma nmai 0 - 5 cm gint
M ys.xa = -0.499 un 20 - 25 cm &I 1 6. q = -0.415 P < 0.01) uz
augsnes penetrometrisko pretiest |zmantojot punktu augstumia k
izsleguma faktoru, palielifjas organisko vielu satura ietekmes uz
penetrometrisko pret@bti 10 - 20 cm augsnesasi r 3., = -0.177
ticanibas tmenis noP < 0.01uzP < 0.05

3. tabula Table3
Augsnes neviendaiguma raditaju (x) sakarnbas ar augsnes
penetrometrisko pretesibu (y) izsledzot punktu augstuma(x1)
ietekmi rudent 2006. gada raZai
I nterconnections of soil heterogeneity indices (x) with soil
penetrometric resistance (y) excluding the effect of point height (x1)
on theyield 2006, in autumn

g Pretegba, Pretegba,
Augsnes neviendajjuma Kglfsliﬁgfj 0-10cm, 10-20cm,
raditaji (x)/ o 20.10.2005./ | 20.10.2005. /
. N lielumi / :
Soil heterogeneity indices Correlation Penetrometric | Penetrometric
resistance resistance
Ap horizonts(x2) / ) )
Thickness of humus horizon| '@t 0.109 0.054
Organisko vielu satur&3) / "
Organic matter content My x 0.045 -0.177
Augsnes dipas < 0.01 mnix4)/ ) )
Granulometric composition My 0.085 0.137
Augsnes mitrums 0 - 5 c(rb)/
Soﬁ orstire (x5) I ywsx -0.499** -0.052
Augsnes mitrums 20 - 25 ¢x6)/
Sgil moisture AR Fy6-x1 -0.415% -0.116

Ticambas tmenis /Probability: * P < 0.05 ** P <0.01

Linearas koreficijas apegkini par faktoru ietekmi augsnes
penetrometrisks pretesbas atgiribu veidoSan ziemas kvieSugumos
zemaramirta pavasar 2006. gada razai pafija augsto, poZito un
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butisko (P < 0.01) augstuma ak¥ribu ietekmi, @ af augsnes mitruma
20 - 25 cm gini batisku negatvu ietekmir y, = -0.180.

Parcilas koreficijas apgkini, izsledzot punktu augstumu,
neizmainja augsnes mitruma &igibu ietekmi zemaranakta no 20 1dz
50 cm augsnes @i uz augsnes penetrometrisko pratast Netika
konstagtas hitiskas sakabas starp Ap horizonta biezumu un augsnes
penetrometrisis pretegbas atgirtbam.

Augsnes mitrumam, organisko vielu saturam un ApZoota
biezumam bija savstadjas korelatvas sakabas. To noune pa#dijas
afn augsnes penetrometrisk pretedbas rtejuma tdens noteces
grupms. Augsnes penetrometriskpretestba paugura virsotnes da
(197 N cn?), nodizé ar noteci uz paii ar dubultsateci (149 N cf) un
valgjo melioracijas sistmu (152 N crif), nodizes lejasdas zerakajos
punktos pafjé pie vdgjas meliokcijas sistmas (133 N cf) un
nogizes pakjes Edgjos punktos ar izteiktu dubultsateci (141 N®m
2005. gada ruderD - 5 cm €inT bija hatiski (P < 0.09 lielaka, nek
2006. gada rud@&rsap pat augsnes ®i1i. Savulirt 10 - 20 cm augsnes
slani nogizé ar noteci uz padi ar dubultsateci (252 N ¢ un vdgjo
melioracijas sistmu (209 N crif), un nogzes lejasdas zerakajos
punktos pakjé pie vdejas meliodcijas sistmas (209 N crf) augsnes
penetrometrisk pretestba 2006. gada ruderbija batiski lielaka ka
2005. gada ruden Augsnes penetrometriskpretestba 20 - 30 cm
augsnes 8hi visas idens noteces grap hitiski lielaka bija 2005. gada
ruden ar izmemumu nogzeé ar noteci uz padfi ar dubultsateci
(478 N cnf), kur pretegba 2006. gada rudehija hitiski augsika neld
2005. gad.

2006. gada pavagaar pazemiftu nokrifiu daudzumu paugura
virsotnes di 30 - 40 cm augsnesast bija hatiski (P < 0.05 lielaka
augsnes penetrometriskpretesba (512 N crif) neki 2007. gada
pavasar (317 N cnif). Visas idens noteces grag abos ptijuma gados
30 - 40 cm dint augsnes penetrometriskretestba bija ttiski lielaka
neka 20 - 30 cm augsnesasi, ar izémumu 2007. gada pavasakad
nodgaizes lejasdas zerako punktu pakje pie vdgjas meliokcijas
sisémas (243 N crf)) penetrometrisk pretesiba lieka bija 20 - 30 cm
augsnes shi, nevis 30 - 40 cm &hi (235 N cnf). Savulart augsnes
slanos no 0 - 10, 10 - 20 un 40 - 50 cmIdmia butiskas atRirtbas
augsnes penetrometrigkpretesbas izmajas netika konstatas.

Nemot \&ra, ka 2005. gada augéaspirms ziemas kvieSwEgs
tika veikta augsnes diidinaSana, augsnes penetrometigketesta
pétijuma gados ir samaZijusies, tas pamato, kaegetekme past.
Janem \Era afi tas, ka ziemas kvieSu priekSaugs bija ziemas sagas
raksturojas ar dii sakyu sisemu.
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Augsnes mitruma un penetrometrisis pretesibas
sakaribas ar razu. Parcilie korehciju koeficienti precizja faktoru
ietekmes ®rtgjumu un lieciaja, ka augsnes penetrometask
pretestbas, & faktora ietekmes iz&jSana 2005. un 2006. gada ruden
augsnes 8hos no 01dz 30 cm, augsnes mitruma ietekmi uz ziemas
kvieSu raZzu paaugstijfa (4. tabula). Analogas sakibas konst&tas art
2006. un 2007. gada pavasdd - 50 cm augsnesasi un 2006. gaal
0 - 10 cm augsnesasii. Savuldrt korekciju sakatbas bez izsuma
faktora pamato augsnes mitruma lielo imoizrazas veidoSas proces.
Ziemas kvieSu raZzu pomnit ietekngja augsnes mitrums gagjas gada
ruden, gan pavasa(P < 0.05; P < 0.0).

4. tabula Table 4
Korelaciju sakaribas starp ziemas kvieSu raZu un augsnes mitrumu
ar un bez izskguma faktora - augsnes penetrometrisks pretesibas
izmantoSanu
Correlation between winter wheat yield and soil moisture with and
without exclusion factor - soil penetrometric resistance

Auggnes ginis cm, augsnes Bez izseguma | Ar pretestbas
mitruma un pretegtas .
. . faktora / ietekmes
noteikSanas laiks / . o
Gads / : . . Without izslegumu /
Soil layer cm, soil moisture| . . ;
Year and resistance exclusion With exclusion off
d o factor resistance effect
etermination time
2005. 0 - 10, ruden/ 0.477* 0.494**
2006. in autumn 0.344* 0.357*
2005. 20 - 30, ruden/ 0.545** 0.499**
2006. in autumn 0.268 0.307*
2006. 0 - 10, pavasay 0.471* 0.456**
2007. in spring 0.229 0.197
2006. 20 - 30, pavasar 0.371* 0.257
2007. in spring 0.300* 0.212
2006. 40 - 50, pavasaf 0.469** 0.444**
2007. in spring 0.340* 0.302*

Ticanmbas tmenis /Probability: * P < 0.05 ** P < 0.01

Savukirt, ja ka izskguma faktoru izmanto augsnes mitrumu,
augsnes penetrometrigkpretegbas Mitiska ietekme uz ziemas kvieSu
razu netika konstata (P > 0.09. Savuldrt korekciju sakatbas bez
izsleguma faktora pamato augsnes penetromasipketegbas negavo
ietekmi razas veidoSas proces. Ziemas kvieSu razuakiski negaivi
ietekneja augsnes penetrometriskpretestba 2005. gada ruden
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20 - 30 cm augsnesasi, un 2006. un 2007. gada pavagaé < 0.095
analo@ augsnes 3hi.

Augsnes mitruma un penetrometéiskpretesbas savstagjas
sakatbas 2005. un 2006. gada rudeamtspogloja to, ka augsnes
penetrometrisko pret@bu 0 - 10 cm augsnesasl augsnes mitrums
butiski neietekngja (5. tabula). Savakt 20 - 30 cm gini augsnes
penetrometrisko pret@bti  katiski ietekngja augsnes mitrums
(r x = -0.291) 2005. gada rude® < 0.09 un augsnes mitrums
2006. gada rudéman O - 5, gan 20 - 25 cm augsnasig|P < 0.07).

5. tabula /Table 5
Augsnes mitruma un penetrometriskas pretesibas korelativas
sakarbas ruden
I nterconnections of soil moisture and penetrometric resistancein

autumn
Augsnes ghis, mitruma un Pretesba, Pretesba,
Gads / pretesbas noteikSanas laiks|/ 0 - 10 cm/ 20-30cm/
Year Soil layer cm, soil moisture| Penetrometric| Penetrometric
and resistance determination resistance resistance
time
2006. g. razai / 0-5cm, 20.10.05. -0.032 -0.291*
Yield 20 - 25 cm, 20.10.05. -0.067 -0.262
2007. g.razai/ 0-5cm, 11.10.06. -0.066 -0.581**
Yield 20 -25cm, 11.10.06. -0.227 -0.749**

Ticambas Tmenis /Probability. * P < 0.05; ** P < 0.01

Augsnes mitruma un penetrometéiskpretesbas savstagjas
sakartbas pavasaratspogibja to, ka pavasara sakam bija liekka
noZme nelk rudens. 2006. gada pavasaugsnes penetrometrisko
pretestbu O - 10 cm augsnesasi batiski ietekn€ja augsnes mitrums
20 - 25 un 40 - 45 cmasii (P < 0.09. Pretegbu 20 - 30 cm augsnes
slant batiski ietekngja augsnes mitrums no @dk 45 cm. Savukt
butiskas augsnes penetrometiisk pretesbas un augsnes mitruma
sakarbas 40 - 50 cm augsne&rsinetika konsta&tas.

2007. gada pavagaraugsnes penetrometrisko pretest
0 - 10 cm augsnesasi bitiski ietekn€ja augsnes mitrums no @i
45 cm P < 0.01). Pretegbu 20 - 30 cm augsnesisi bitiski ietekngja
augsnes mitrums 20 - 25 un 40 - 45 cm. Sanukitiskas augsnes
penetrometrisés pretegdbas un augsnes mitruma sakas 40 - 50 cm
augsnes shi konstattas no 01dz 45 cm.
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RaZu veidojoSie elementi algriga reljefa apstiklos

Ziemas kvieSu dgstu skaits. Ziemas kvieSu wjstu skaits
2005. gada ruden batiski zenmaks bija paugura virsotnes punktos -
307.7 gab. M bet titiski (P < 0.05 augsiks - nogzé ar noteci uz
paliji ar dubultsateci - 361.2 gab.’mSavulart 2006. gada ruden
butiski zentks ziemas kvieSu igstu skaits bija nages lejasdas
zenikajos punktos pake pie vdejas melioacijas sistmas -
283.0 gab. m bet Hitiski augstks nogizes pakjes [Edgjos punktos ar
izteiktu dubultsateci 387.0 gab.2n2006. gada rud@rstarp pirmajm
trijam adens noteces gram nebija ltisku at&iribu.

Ziemas kvieSu mstu skaita izmabs $jas gada rudes
iesgjams skaidrot ar atfigajiem meteorolgiskajiem apgikliem
petijjuma gados. Kopumvertgjot lielaks ziemas kvieSuidtu skaits bija
2006. gada rudénoktobra mines, kad tikanemti augu paraugi - siltais
laiks veicirgja ziemaju atiistbu, gaisa temperata 9.2 °C, un vigja
nokrigu summa 71.6 mm.

Cero%anas koeficients. Viens no ziemas kvieSu razu
veidojoSiem elementiem bija ceroSanas koeficie?296. gada pavagar
butiski zenaks tas bija paugura virsotne punktos (2.9), betiski
(P < 0.05 augsiks nogizes déa ar noteci uz palfi ar dubultsateci (3.3)
un nodgizes pakjes [Edgjos punktos ar izteiktu dubultsateci - 3.2.
Savukirt 2007. gada dati liecina, ka ceroSanas koefisiemitiski
augsiks bija paugura virsotnes punktos un Fmes pakjes [Edgjos
punktos ar izteiktu dubultsateci (2.3), beatrgpas trijas adens noteces
grupas - 2.1.

CeroSanas koeficienta s#tinajums pa gadiem liecina, ka
butiski zentks tas bija 2007. gada pavasako var skaidrot ar
meteorolgiskiem apstkliem. Jo 2007. gada pavasaris bijalsvar
palielimtu mitruma daudzumu un auksts. AprtreSa§ dekade saceroja
ziemaju sgjumi, kas nebija cerojusi rudenVidéja gaisa temperata
apili bija 5.2 °C, kas bija viszeka petijuma gados. Savakt nokridi
31 mm un 9. apli registréts sniegs, tas akawja ziensju atfistbu.
Abos Etijuma gados fitiski augsiks tas bija nogzes pakjes Edgjos
punktos ar izteiktu dubultsateci.

Ziemas kvieSu auga masa.Ziemas kvieSu auga masa
2005. gada rudémija batiski (P < 0.09 lielaka neki 2006. gada rudén
analogas sakdras pa gadiemévojamas arar ziemas kvieSu cero$anas
koeficientu un saku garumu. 2005. gada ruddmitiski mazka & bija
nogaze ar noteci uz paki ar vagjo meliorcijas sistmu 0.093 g, bet
butiski lielaka - paugura virsotnes @a0.105 g. Savulet 2006. gada
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ruden batiskas sakabas starp ziemas kvieSu auga madens noteces
grupas netika konstatas.

Savukirt 2006. un 2007. gada pavasaiemas kvieSu auga
masa ltiski augsika bija 2007. gada pavasasaidzinot ar rudens
raditajiem. 2006. gada pavasauga masaihiski lielaka bija nogze ar
noteci uz pafji ar dubultsateci 0.437 g, befitiski mazka - nogzes
lejasddas zerako punktu pakjeé pie vdejas melioacijas sisEmas
0.354 g. Bet 2007. gada pavasaremas kvieSu auga masaitibki
lielaka bija paugura virsotn0.697 g, bet iitiski mazka - nogze ar
noteci uz pakji ar valgjo melioracijas sistmu 0.566 g.

Ziemas kvieSu galveno saku garums. Ziemas kvieSu saknes
2005. gada rudénbija batiski (P < 0.05 gamkas nek 2006. gada
ruden. 2005. gada rud@nbatiskas saku garuma aidribas bija
verojamas nogges lejasdas zerakajos punktos, kur sak garums bija
butiski gamks (14.38 cm) un nages pakjes @dgjos punktos, kur tas
bija batiski isaks (12.44 cm). Analogas saksas konstatas art
2006. gada rudé@rstarp abm tdens noteces gram. Savulrt starp
pirmajam trijam tdens noteces gram abos ptijuma gados nebija
butisku at&irtbu.

Ziemas kvieSu karoglapas laukums. Ziemas kvieSu
karoglapas laukumsitiski (P < 0.05 lielaks bija 2007. gaglsaidzinot
ar 2006. gadu. 2006. gadbutiski zenmiks karoglapas laukums bija
nodizé ar noteci uz padii ar dubultsateci 14.7 cmbet hitiski augsiks
- nogizes pakjes [Edgjos punktos ar izteiktu dubultsateci 17.9%cm
2007. gad batiski zeniks ziemas kvieSu karoglapas laukums bija
paugura virsoth - 15.6 cr, bet Hitiski augsiks - nogzes lejasdas
zentiko punktu pakje pie vdgjas meliokcijas sistmas 17.9 cf

Karoglapas laukums lighks bija 2007. gadl savukirt ziemas
kvieSu raza lielka bija 2006. gaal Aprekinu rezulsti liecinaja, ka, jo
lielaks karoglapas laukums, jo auglst raZza. To iesfams var skaidrot
ar meteorolgiskajiem apgtkliem vesefacijas period. Lai af
2007. gads raksturag ar p@rlieku mitru vai pietiekamu mitruma
daudzumu augsén(pec HTK), tas tonar nelabéligi ietekngja ziemas
kvieSu razu.

Petijuma laila konstagts, ka no triim izdaftajam razu grupm
karoglapas laukumaihtiska ietekme P < 0.095 uz ziemas kvieSu razu
bija pie auggtka razu fmepa, t.i. virs 7.00 t Ha r y = 0.436 un
r « = 0.461 (6. tabula). Pie razu gamp lidz 7.00 t ha karoglapas
laukuma latiska ietekme uz ziemas kvieSu raZu netika korttat
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6. tabula /Table 6
Ziemas kvieSu karoglapas laukumgx) sakaribu ar razu (y)
vertejums razu lieluma grupas
Evaluation of interconnection between area of winter wheat flag leaf
(x) and yield (y) in yield groups

Parcilas koreficijas varianti / RaZzu grupas / P vertiba /
. - ; (.

Partial correlation Yield groups Y value

Izsledzot augstuma dtEibu <5.00thd 0.222 0.2044

ietekmi / 5.00-7.00tha | -0.171 0.1281

Excluding the effect of heigh :

differences >7.00 tha 0.436 0.0400

NeizsEdzot augstuma <5.00thd 0.228 0.1896

atirtbu ietekmi / 5.00-7.00thda | -0.097 0.2580

Not excluding the effect of

height differences >7.00 thad 0.461 0.0271

Pozifivo un hitisko karoglapas laukuma noz nemaziaja af
parcilas koreficijas apgkinos punktu augstuma &t&bu ietekmes
izslegSana.

Ziemas kvieSu raza.Platbu sadajumu tdens noteces grag
un atsevigu grupu teritorila at€lojuma lietdetfgums \értéts pec ziemas
kvieSu razu atdribam. Ziemas kvieSu razas dati 2006. un 2007 agad
liecinaja, ka Hhitiski (P < 0.09 augsika ziemas kvieSu raza bija
2006. gad, kas raksturas ar pazemitu nokriiju daudzumu.
2006. gada razu dati lieaja, ka htiski augsika ziemas kvieSu raza
8.64 t hd bija nogizes pakjes Edsjos punktos ar izteiktu dubultsateci,
ko raksturoja ftidaini kidraira glejaugsne un nages lejasdias
zentkajos punktos paiie pie vdejas melioicijas sistmas - 7.08 t hj
bet viszeraka ta bija paugura virsotnes Hia- 5.42 t hd, ko raksturoja
tipiska velenu karboataugsne. Savuakt 2007. gad, razu starfba
nogazes vidusdia un nogzes lejasda ar sateci uz Jgjo melioracijas
sisEmu un dubultsateci nebija atiska. Analogi & 2006. gad
viszenika ta bija paugura virsotnes fia 4.31 t h&.

Augsnes agr&imisko raditaju ietekme uz ziemas kvieSu
razu. Butiska ietekme uz ziemas kvieSu razu ab#&gjyma gados bija
organisko vielu saturam (7. tabula), 2006. yadganisko vielu saturs
ryx= 0.406 P < 0.01) un 2007. gaal-r ,, = 0.302 P < 0.09.
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7. tabula /Table 7
Augsnes agrd&imisko raditaju ietekme uz ziemas kvieSu razu
The effect of soil agrochemical indices on winter wheat yield

Augsnes agramiskie 2006. g. razai/ 2007. g. razai/
raditaji / Yield Yield
Soil agrochemical indices ; P vertiba / ] P vertiba /
yX value yX value

Organisko vielu saturs /
Organic matter content 0.406 0.0077 0.302 0.0195

pH KClI 0.132 0.2241 0.181 0.1121
P,0s -0.083 0.6375 0.169 0.2572
K0 0.052 0.7682 0.033 0.8246

Pargjiem agr&imiskajiem &ditajiem bitiska ietekme uz ziemas
kvieSu raZzu netika konstddh.

Tehniskas iesggjas mazinat augsnes neviendaiguma ietekmi

Datu grupeSana p@c humusa akumuhcijas horizonta
biezuma. Datu ranZSana un grugsana pc Ap horizonta biezuméva
konstagt, ka ziemas kvieSu raza abostijuma gados bija idiski
augsika pie palieliata virs vicja visa platiba Ap horizonta biezuma
(2. att.), pie kam 2006. gadiemas kvieSu raZa pie lia Ap horizonta
biezuma (7.25 t hY bija hitiski (P < 0.09 augsika nek
2007. gad (5.86 t h&). Platbu ddas ar palieliatu organisko vielu
saturu un lidku Ap horizontu bija ar pazemiata augsnes
penetrometrisk pretesiba 40 - 50 cm dhina.

Izmantojot par augsnes pamatafdds diferences Kkatiju
Ap horizonta biezuma vio verttbu 38 cm, plaba, kur ar zemu
razoSanas risku iegjama aps@des dzZiuma samazi@Bana sastiitu
47.9% no kopjas, pie kam risks pret iegjamo razu samazasanos tiek
pilniba nodroSirats. To apstiprina artas, ka ziemas kvieSu razas abos
petijuma gados plabu ddas ar palieliatu virs vickja Ap horizonta
biezumu bija htiski augsikas nek platbu dda ar Ap horizonta
biezumu zem viga.

Kriteriju lietojuma iz\&lei par augsnes apsttes dzuma
samaziaSanu izmantoti iepriekfo gadu no 2001.idz 2010. gadam
petijjumu rezulsti no MPS ,Vecauce”, kaff LLU Laukkopbas katedras
petjumu rezulitu apkopojums par resursus tauproiaugsnes apattes
sisemam (Lapinsh, Berzinsh, Gaile et al., 2001; et al.).
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2. att. Ziemas kviedu raZza, thatkaiba no Ap horizonta biezuma
augse, par diferences katiju izmantojot vidjo raditaju 38 cm.
Fig. 2. Winter wheat yield, t h§ depending on thickness of humus
horizon in soil; difference criteria is the averageex 38 cm.

Datu grupéSana gc organisko vielu satura augse. Petijjuma
no ziemas kvieSu razu veidojoSiem faktoriem ordesisvielas satura
atXkiribas 1dztekus Ap horizonta biezumam bija tie faktori, ikon
[Emumu pigemSanas si@ina par augsnes apattes diferenci bija
butiska nozme raugoties no ziemas kvieSu razu lieluma (3). ddatu
ranZSana un grugSana digs pamatgrufs: virs un zem viga
organisko vielu saturdava konstait, ka ziemas kvieSu raza abos
petijuma gados bija ddiski augsika pie palieliata, virs vicja visa
platiba organisis vielas satura augsn> 26.5 g k), bet Hitiski
lielakas raZzas datu &i§ibas sek@ja gadi saigba ar
meteorolgiskajiem apstkliem (3. att.).
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3. att. Ziemas kvieSu raZa, t hatkarba no organisks vielas (OV)
satura augsh par diferences katiju izmantojot
vidgjo raditaju 26.5 g kg
Fig. 3. Winter wheat yield, t i depending on organic matter content
in soil; difference criteria is the average inde& 2 g kg

Platbu dda, kur hitu iesgjama augsnes apaties dzZiuma
samazifiSana sastiitu 34.6% no ptijuma ieklauis plaibas, ja K
augsnes pamatapsties dziuma diferences katiju Kurpnieku lauld
lietotu organisko vielu vigo saturu, kas bija 26.5 g kg

Datu grupéSana [gc augsnes reakcijasPec augsnes reakcijas
digitalas kartogrammas datiem, Kurpnieku lauko pie@m augsnes
reakcijas grupm domirgja tris. Augsnes reakcijas grupa - nafan
sasidija 78.5%, Wji skaba - 17.2% un vigi skaba - 4.4%.
Kartogramma pamato, ka uztufiokalkoSana navajyeic, ja augsnes
reakcija virs 6.3 pie granulometriskatura sM un organisko vielu saturs
< 50 g kg Lauka 4.4% fveic pamatkio3ana, kur pH vigi skaba,
granulometriskais sasts sM un organisko vielu saturs Sajos punktos
19 un 21 g kg pec normalviem paredz, ka nepiecie$arkalku norma
vidgji 4.25 - 5.05 t hd tirs sauss CaCQ
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Datu grupéSana [Ec augiem izmantojana fosfora satura.
Pec augiem izmantojainfosfora satura digita kartogramma pada, ka
Kurpnieku lauld no pie@m augiem izmantojainfosfora satura grgm
domirgja tris. Augiem izmantojam fosfora satura grupa leti augsta
sasidija 48.5%, augsta - 46.2% un &d - 5.4%.Tas pamato to, ka
lauka 4.4% no plabas nepiecieSams idkinat augsnes reakciju,ak
rezul&ta uzlabosies fosfora saturs augsio skiba augs@ augi to nes§j
umemt. Rc augsnes reakcijas idkinaSanas iespams veikt fosfora
meslojuma normu diferenci augtajiem kultiraugiem.

Datu grupéSana [Ec augiem izmantojana kalija satura.
Augiem izmantojarm kalija satura digiilla kartogramma pada, ka
Kurpnieku laule no pie@am augiem izmantojainkalija satura grupm
domirgja tris. Augiem izmantojam kalija satura grupa {oti augsta
sasidija 0.8%, augsta - 47.9% un &jd - 51.3%. AT kalija meslojuma
normas iesgiams diferengt pec kalija nodroSimjuma satura augsrun
audzjama kultarauga. Galvenais faktors, kas noteicalijk un af
fosfora satura akfribas aramirta bija augsnes mezoreljefa izrtis
nokrigu tdens plismas daribbas rezulits. Aramkirta tas vidji cetras
augsnes monitoringainijas bija hitiski zeniks platbu ddas, kuras
raksturojas ar noteces i€gp valgja melioracijas sistma nela adens
Skirtnes punktos.
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SECINAJUMI

1. Neviendalga reljefa apgklos paugura virsotnes
adensgirtnes dda 0 - 20 cm g konstatts augstks P.Os un KO
saturs, nek nogizé ar noteci uz Vigjo melioracijas sistmu. Nogdizes
palajes fEdejos punktos ar izteiktu dubultsateci bija adgstK,O un
organisko vielu satursalan P,Os saturs. Savuitt tikai 4.4% nogze ar
noteci uz pafji ar velgjo melioracijas sistmu no @Etijuma platbas bija
ziemas kvieSiem neatbilstoSa augsnes reakcija.

2. Ziemas kvieSu raza pouit korelgja ar augsnes mitrumu, bet
negatlvi ar penetrometrisko pret@st. Paugura virsotnes lda
30 - 40 cm augsnesasi penetrometrisk pretesiba bija liekka saus -
2006. gada (512 N cfi) neld pietiekama mitruma 2007. gada pavasar
(317 N cnf). Rudef un af pavasaraugsnes mitruma saturs Zem
bija paugura virsotnes tia nelkd nodizes pakjes punktos ar izteiktu
dubultsateci.

3. Parcilo korekciju sakatbu izgEte starp augsnes mitrumu,
augsnes pretabu un razu, k izslkeguma faktoru izmantojot augsnes
mitrumu, augsnes penetrometéisk pretesbas ietekme uz ziemas
kvieSu razu vairs netika konsit, jo palielinoties augsnes mitrumam
augsnes penetrometrisk pretestba  samazifjas. Augsnes
penetrometrisks pretegbas marijumu zemaramicta izmantoSanas
lietdefibu digilo kartogrammu sa&tiSanai augsnes dizdinaSanas
diferencei nosaka izlgtais nowerojumu laiks, ar pamatkatiju, lai
augsnes mitrums netu augsiks par 20%.

4. Par augsnes pamatapders diferences katiju izmantojot
Ap horizonta biezuma vigo vertibu - 38 cm, plaba, kur ar zemu
razoSanas risku ie§jama augsnes apsties dzZiuma samaz@sana
sasiditu 47.9% no ptijuma ieklauts plaibas. Savuliet, ja par augsnes
pamatapstides diferences katiju izmantotu organisko vielu vigo
saturu - 26.5 g k§ platba, kur ar zemu raZzo$anas risku Eama
augsnes apgiiles dzZiuma samazisana sastitu 34.6% no ptijjuma
ieklaugs platbas.

5. Augstka ziemas kvieSu raZa bija 2006. gakhs raksturajs
ar pazemiatu nokrifiu daudzumu vis vegeticijas period. Netika
konstagtas lutiskas atgirtbas ziemas kvieSu igstu skaitam un
ceroSanas koeficientam atika no reljefa. Ziemas kvieSu galan
saknes, & aff kvieSu auga masa pietiekama mitruma 2005. gadarirud
bija batiski lielaka nelk parlieku mitra 2006. gada rudén
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6. Augsnes mitruma at§ibam pavasar20 - 25 un 40 - 45 cm
augsnes shi petijjuma gados bija dtiski pozitva ietekme uz ziemas
kvieSu karoglapas laukuma lielumu un ziemas kviegtu. Pardilo
korelaciju sakatbu izfEte starp ziemas kvieSu karoglapas laukumu un
razu, K izsleguma faktorus izmantojot punktu augstumu vaisaigsnes
mitrumu, konstats, ka 3o iz&lguma faktoru atSribas mazina
karoglapas ietekmes paxid noZmi uz ziemas kvieSu razu.

7. AtXiriga relijefa un augdl apsiklos ziemas kvieSu
audzSanas tehnofgjas iesgjams optimizt attiedba uz augsnes
agr&imiskagm ipadbam: skabumu, BOs un K,O saturu. Augsnes
pamatapstdi principa iesgjams optimizt npemot \era Ap horizonta
biezumu un organisko vielu saturu.
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INTRODUCTION

Geographically Latvia is located in the area adsgebus for
crop growing. Grain-farming has always been andl iihain a priority
in the territory of Latvia, taking into account tpeculiar role of grain
products into the overall food balance sheet.

Wheat belongs to one of the oldest cultivated glatat one of
the most widely grown and most valuable grains.téfiwheat is a plant
that likes temperate climate and it is a plastitivated plant, suitable
for growing in different conditions. According ttafistical data in 2009
and 2010 drilled areas of winter wheat in Latviareve12.4 and
221.3 thousand ha.

Soils in Latvia are highly heterogeneous, theitilfgr and
productivity is also varying. Very often in the lders of one farm there
are areas with different soil grading compositidifferent organic and
plant nutrient content. Often newly acquired araess combined with
cultivated areas, wherewith soil characteristidéediin different field
areas. With a proficient management it is posdibleven out this soil
heterogeneity and to obtain good yields in the whiigld.

Present research results in other European Uniod) (E
countries, including Latvia, show that there aresesgch results
accumulated on the effect of soil condition (volumeight, density of
topsoil layers, organic matter content, grading position, thickness of
topsoil, and others) on grain yields, as well as dlescription of these
factors is given, regarding theoretical aspectpaxsibilities of tillage
differences. In Latvia has collected data on tHeotfof soil conditions
on grain yields taking into account the only diffiece principle of
flattened field’'s mezo-relief and indices mentiorElore, but this data
and their professional interpretation in producticonditions is with
limited repeating possibilities and with wide vaioa of factors
mentioned before. There is relatively few data foa évaluation of the
effect of height above sea level, as well as rébei as a factor on the
development of grain, without any recommendatiomsaalical changes
of the relief form.

Only during recent years owing quality changessfrumental
provision of agro-physical characteristic invedtiigia, researches on soil
moisture, as a factor creating yield differencethwi sufficient number
of repetitions have been carried out.

Latvia University of Agriculture Soil and Plant $oce
Institute recent research results showed that tsabkshment of
decision support system under the conditions dbfamo-linearity is not
an easy process. Research methodology, more suitablproduction
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conditions, was approbated, using global positigni®&PS) and local
geographical information system (GIS), but in theup of basic indices
of soil agro-physical characteristics, determimatiof topsoil layer
density was replaced

with more operative data on soil penetrometricistaace
differences and determination of soil moisture gsirsensor
technologies. Under the conditions of productiofailitates decision
making on processing differences and choosing ofenappropriate
criteria.

Scientific activities of companies and universitiesEuropean
Union and also United States of America has ledptovision of
software and sensor mechanics of yield maps, pnogiraade for local
GIS needs for making digital maps, including théseimplementation
of differences of technology. As a result of somd Hniversities
activities (Bonn, Kiel, and other) modules for teoltogy difference
performance, by using GPS, have been manufactltednechanical
transfer to conditions of Latvia is not professibnand scientifically
proven because of different meteorological and amilditions.

Hypothesis

Heterogeneity of relief and variations of soil daeristics
significantly affect formation of yield, but itsfett can be decreased by
applying precise agricultural technologies.

Aim of the research to clarify the effect of heterogeneity
caused by relief and soil characteristics on wimteeat yield, with the
aim to differentiate agricultural technologies, hysing global
positioning (GPS) and geographical information eps’ (GIS)
elements.

Investigation tasks:

1. to clarify the effect of relief on soil agrochemicand
agro-physical characteristics, and heterogeneifielifs caused
by these variations;

2. to clarify the effect of field heterogeneity on wén wheat
yield;

3. to evaluate technical possibilities to gradualbttn the effect
of field heterogeneity.

Novelty of investigations:
1. the effect of heterogeneity caused by relief andl so
characteristics on forming of winter wheat yieldshheen
clarified,;
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2. possibilities to diminish the effect of soil and lieé
heterogeneity using GPS and GIS has been evaluated;

3. possibilities to apply partial correlation analysés soil
heterogeneity impact evaluation have been assessed.

Research results are collected and reflected imbfigations in
Latvian, English and Russian languages, includingviemwed
international publications of international conferes, symposiums, and
scientific seminars. Research results have beesrtegpin 10 oral and
1 poster presentations in international scientifinferences.

Research has been carried out owing the fundind at¥ia
Scientific Board project No. 09.1448 and Ministry Bducation and
Science project No. 06.6-xi 13.

Research has been developed with support of Eunofeaial
Fund activity “Support to Doctoral studies” projectSupport
to the implementation of LLU doctors”. Contract
No. 2009/0180/1DP/1.1.2.1.2/09/IPIA/VIAA/017.

MATERIALS AND METHODS

The field experiment basis was Latvia University of
Agriculture Research and Study Farm ,Vecauce”, whertrial was
established in 2004 in the field Kurpinieki, whedy stationary
observation points (58 50 m) were set aside with GPS in spring in a
winter rape Brassica napussp.oleifera) sowing. During the next two
years (2005 and 2006) winter whedtrificum aestivumL.) cultivar
‘Tarso’ has been grown for seed production.

Palmtop computer Garmin iQ 3600 with AGROCOM softsva
AgroMAP Professional was used in determining poiobrdinates,
allowing to determine points in field conditionstivithe preciseness
+ 3 m, and to determine field outline - bordersofnfation from the
palmtop computer has been transferred to laptopidiyg specialized
computer software AgroMAP Professional. After measy data input
in the software, cartograms on plant nutrition edetcontent, soil
moisture content, soil penetrometric resistancelifferent depths, on
yield, etc., have been obtained. All digital careogs were with
longitude and latitude degree coordinates. Aftereldyi map
establishment, next information collection stage#iofved for field
characterisation and for determining causes otlydéference.

In the stationary observation points such indicasehbeen
determined: soil moisture, % from soil pore totapacity, in soil layers
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from O until 45 cm (0 - 5; 20 - 25; 40 - 45). Swibisture during autumn
2005 and 2006 was determined in the soil layer from
0 - 5 and 20 - 25 cm, but during spring 2006 and72@ three depths.
Moisture content in soil was determined with maistuneter HH2
(Moisture Meter Version 2.1), in 3 replications, évery observation
point. Measuring error of the equipment wa8%. Moisture meter is of
sensor type, and after deepening into soil it firgsisture content of
corresponding soil layer and data are registered the display of the
device.

Soil penetrometric resistance, N émis determined in soil
layers from O until 50 cm (0 - 10; 10 - 20; 20 5 30 - 40; 40 - 50) with
Eijkelkamp hand penetrometer, in 4 replicationseirery observation
point. Hand penetrometer is indicative measuringagefor measuring
soil penetrometric resistance. Measuring errothefdevice was 8%.
Removable end caps 1 or 2 are used depending dndepsity,
maximum measuring depth without drilling was 50 cBy. steadily
pushing on the handles of the penetrometer witloresstant speed of
2 cm &', cone is deepened in soil and the specific measenmeis read.
Soil moisture and penetrometric resistance arerm@ied in autumn
after the sowing of winter wheat and again in gprafter renewal of
vegetation - BBCH 11-12 and BBCH 25-29 (plant depetent stages).

Soil grading composition, in research describedhwsbil
particles < 0.01 mm, has been determined in fieldd@ions with the
field method. Soil has been moistened to a statkick paste; a ball has
been made between the palms, from the ball a dtieky which a ring
has been made. Soil grading composition has bederndeed
depending on the look and resistance of the kalk and the ring.

Humus accumulation horizon - (Ap) has been detezchim
field conditions.

The starting depth (cm) of carbonates has also detmmined.
Soil grading composition, density of Ap horizon ahe starting depth
of carbonates have been determined in every obsmmvagoint in
3 places, during spring 2005.

Height of points above sea level (asl), m, has lk#armined
by using a measuring device Trimble GeoXT with phecision of 0.5 m
in every observation point during spring 2009.

Using principle of randomisation 10 winter wheaargs have
been dug out in every observation point. Plant $asnpave been taken
in autumn at BBCH 11-12 and in spring after reneafalegetation at
BBCH 25-29, and afterwards analysed under laboratmmditions.
Number, pieces on nfunder field conditions with a frame 0.20.50 m)
of sprouts of every plant has been determined foran. The length of
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main roots, cm (by measuring the length of the mmaot with a ruler),
was determined also in autumn, and plant mass, it @ weighing
method) was determined in autumn and spring. Tiliecoefficient was
determined in spring. Parameters for every plaméleen analysed and
the average value has been calculated.

Within the research also the winter wheat flag lba$ been
analysed by using a scanner and specialised commgaftware
WInFOLIA. Area, cni, of the winter wheat flag leaf has been
determined in every observation point for 5 maans at BBCH 43-45.

Winter wheat had been harvested with a grain hteves
“CLAAS LEXION 420", equipped with two sensors thabunted the
volume of threshed mass and determined its moistur@g harvesting.
Measurements of grain moisture sensors have beatrotted and
compared in grain first stage processing point teefdrying with
moisture meter Supertech Agroline. Before the fitage processing of
yield its cleanness has been determined. For thation of yield map
source material from automated CLAAS system witkh 80 m GPS
sensor has been used. Analysis of grain yield nodyerences has been
created on the basis of information (yield datansitted with 100%
cleanness and 14% standard moisture) link with tu@sand cleanness
indices of threshed mass that has been saved wmdiafds corrected in
the combine’s central electronic control systemtadprocessing has
been done with a computer software AgroMAP Protessi that has
helped also in creation of digital cartograms.

Soil samples from topsoil for agrochemical analyisage been
taken with a probe to determine phosphorus andspinia content, mg
kg', as well as organic matter, gkgand soil reaction pH KCI in the
depth of 20 cm. Samples for average sample crehtiga been taken on
August 14, 2006after harvesting, in every observation point, in
3 replications. Soil sample analyses have been ootie laboratory of
VSIA “Agrochemical Research Centre”. Phosphorus gadassium
content available for plants has been determinedsing Egner - Rima
(DL) method (LV ST ZM 82 - 97). Organic matter cent has been
photometrically determined with Tjurin method (LM M 80 - 97).
Soil reaction has been potentiometrically deterchine 1 M KCI
suspension (LV ST ZM 81 - 97; LVS ISO 10390:2002).

For the general description of soils in the figlttee deep soil
detritions have been dug on August 23 and 24, 2010the top part of
the field: typic sod-calcareous sofHypocutani-Hypocalcic Luvisol
(Hypochromig), in the middle slope part of the hummock to ¢oerfice:
typic sod-calcareous soil with indications to tdeying in the soil layer
of 122 - 181 cn{Bathystagni-Luvic Phaeozem (Abruptic, Calcarajy
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on the lower part of the hummock with confluencetcky-humus gley
soil (Ombri-Sapric Histosol (Hypereutric))

Five water cumulative flow groups have been taketha basis
for analyses of results: highest watershed; slomotible catchment and
open drainage system; slope lowest points befoem ajpainage system
and slope final points before double catchment,asbare 4 - 21 points
are included, characterising soil heterogeneity #med effect of relief
differences in field Kurpnieki. Calculations showo nsignificant
differences between slope inclinations in flow grsutherefore this
index has not been used in data analyses.

Mathematical data processing was done using Mifr@&sael
and SPSS data processing software, performing ig@sger statistics,
correlations and partial correlation analyses. dedli of humus
accumulation horizon density and soil organic mattetent have been
grouped in 2 value categories: below average angeahverage value.
Yield cartogram data have been taken as the bésiiwision into yield
groups.

RESULTS ANS DISCUSSION

The effect of relief on differences of soil agrochmical properties

Organic matter content in soil. Description point height was
of primary meaning in moraine hummocks with watesl&epressions
between hummocks in conditions of Latvia. They udeld such
elements - highest watershed, slope to double eecharea and open
drainage system, and with an explicit double cathtmarea
(depressions). During the research differences,clwhihave been
established during the course of time, in soil aiganatter content and
Ap horizon density appeared; these are associattdd seil erosion
processes in hummocks.

After the division of slope points, highest watedhwas
characterised with a significantly higher heighbed sea level (asl) -
103.1 m, by gradually decreasing in the slope tvaand reaching its
lowest height at the bottom of the slope to opeaindige system -
94.5 m, asl. In the field Kurpnieki organic matmantent in the last
slope points with double catchment area was 47k@y significantly
higher @ < 0.05 than in the top points - 21.5 g kgBut differences of
organic matter content in slope to double catchraesd, open drainage
system and in slope before open drainage system inggnificant.

Significantly higher soil organic matter contentsiope before
double catchment area can be explained with thetat organic matter
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content as a result of agro-technical erosion aatemflow had been

brought down from the top points to the lowest mitn these areas it
was two times higher than in the top points. Higmeister content was
in the micro depression, in the slope before doghtehment area that
further contributed to soil heterogeneity, becadifferent soil types had

been established in the field as a result of irsedamoisture. Highest
dispersion of organic matter content indices wasvben water run-off

point placement groups.

Soil reaction. In the slope to open drainage system a
significantly lower soil reaction pH KCI 6.5 thaa touble catchment
area pH KCI 6.8 has been stated. There were thg sighificant
differences. Soil reaction in 0 - 20 cm soil layerll slope groups was
characterised as normal, because soil reactiongnester than 6.3. In
the slope with and before open drainage systenraadtion was lower
than in the other three water run-off groups, wtdeh be explained by
differences in the depths of carbonate beginnihalsb substantiates the
presumption that it is possible to carry out a etiéhtiated soil
maintenance liming.

Content of potassium useful for plants. Significantly
(P < 0.05 higher potassium content (234 mg*kdgn topsoil 0 - 20 cm
layer has been stated in slope before double ca&tcharea. In highest
watershed the potassium content was significariipeér 211 mg kg,
than in slope to open drainage system - 155 my Kge significantly
lowest KO content - 140 mg kbin 0 - 20 cm soil layer has been stated
in slope before open drainage system.

Potassium content in soil was higher in highestevgdiied and
in slope before double catchment area, that coeldcexplained with
more clay particles. Potassium is mobile and waih water it flushes in
deeper soil layers. Low potassium content 140 mgikgslope before
open drainage system can be explained with thetlfadttall processes
are more intense near the open drainage systerim (@way) than in
double catchment area where the processes takerlpagod of time.

Content of phosphorus useful for plants. Significantly
(P < 0.05 higher BOs content in 0 - 20 cm soil layer was stated in the
highest watershed - 285 mgkand in slope before double catchment
area - 274 mg kY Significantly lower BOs content - 164 mg kY- was
stated in lowest slope points before open draisggiem (Fig. 1).
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The effect of relief on differences of soil agro-pysical properties

Soil particles < 0.01 mm.Characterisation of soil particles
< 0.01 mm indicates that their content was sigaifity lower in slope
to double catchment area (20.2), but it was sigaifily higher (33.3.) in
the highest watershed. Soil grading composition laad effect on
receiving of phosphorus and on the efficiency giabited fertilizer. If
the clay particle content in soil increases, dteofixation of phosphorus
increases.

Humus accumulation horizon. Humus accumulation
(Ap) horizon among water run-off groups was sigmwifitly higher
(43 cm) in lowest points before open drainage systaeut significantly
lower (35 cm) in last points before double catcht@ea.This could be
explained with the fact that under impact of agrohhical erosion soll
is systematically offset down the slope with agtioal machinery, thus
leading to undesirable differentiation and decseas soil fertility.
Difference of Ap horizon density in the highest arahed in comparison
with that in lowest points before open drainagetayswas 7 cm
(P < 0.05. Also under the influence of wind erosion andc#ation
Ap horizon is being drifted from the highest walteds to the lowest -
no significant differences, but tendencies havenbesticed. It could be
explained with the fact that during previous yeais field had not been
intensely cultivated.

The effect of soil moisture differences on the del@ment of
winter wheat and yield. The order of evaluation of soil moisture
influence has been chosen according to winter witeaelopment,
showing it as a summary for the yield 2006 and 200Was stated that
during autumn, in winter wheat development stagB€B 11-12, the
effect of soil moisture differences on the develepimof winter wheat
characterization indices was significant only innditions of 2006,
characterised with small amount of precipitatioralfle 1). Winter
wheat development during autumn 2006 was signifigan
(P < 0.09 affected by the length of main root 0 - 5 and-ZZb cm in
soil layerr = -0.401 and y, = -0.409.

Evaluation of soil moisture in 2006 showed thal swoisture
in 0 - 5 cm soil layer had a significantly positieéfect on tillering
coefficient of winter wheatr , = 0.312, on the area of flag leaf
r = 0.464 and on the winter wheat yielgk = 0.471, but in 20 - 25 and
40 - 45 cm soil layer on the area of flag legf= 0.535 ,, = 0.483 and
on winter wheat yield ,, = 0.371r ,, = 0.469 (Table 2).
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There should be sufficient moisture content in &milgrains -
during tillering in autumn and during tillering ke beginning of stem
elongation in spring. Later a little water defititsoil is even desirable,
which approved also during the research. It igratd by hydrothermal
coefficients (HTC) calculated during the researchSeptember 2005
HTC was 0.89 - not sufficient moisture, but in AsguHTC was
3.07 - too moist, and in October after germinatdrvinter wheat HTC
was 1.58 - sufficient moisture. Also in spring, AjR006, after renewal
of vegetation HTC was 1.17 - sufficient moistureurilg summer
months until winter wheat harvesting HTC can berati@rised as very
dry, but during August HTC was too high - too moiSufficient soil
moisture had a positive effect on other yield fargiielements,
especially on the area of flag leaf and the yitddIf. Winter wheat yield
in 2006 was significantly higher than in 2007.

Evaluation of interconnections in 2007 showed timtsoll
layers 0 - 45 cm soil moisture had a significamqitysitive P < 0.0])
effect on the area of flag leaf, but in soil layér - 45 cm on root mass
ry=0.318 P < 0.09 and in layers 20 - 25 and 40 - 45 cm on winter
wheat yieldr y, = 0.299yr ,, = 0.340 P < 0.05.

The results of interconnection research betweenifferences
of soil moisture and area of winter wheat flag Ishbwed that during
2006 only when graim yield was above 7 ttsail moisture in depth of
0 -5cm P < 0.09 in spring had a positive effect on the area affl
leaf. But during 2007 the effect of soil moisturasasignificantly high
(P < 0.09) in all soil layers both during during autumn @fnsng year
and during spring. This justifies that moisturénmportant for plants not
only in topsoil, but also under topsoil.

Evaluation of the effect of soil heterogeneity indies on
differences in soil moisture.The analysis of correlative interconnection
showed that interconnections between point heighgbove sea level,
and soil moisture in both trial years were of commcharacter -
increased point height corresponded to decreasednssture content
that can be explained with precipitation water aff-

It was stated that from the differences of otheregh
characteristics - density of Ap horizon, soil pags < 0.01 mm and
organic matter content - only organic matter contead a significant
effect on soil moisture in all soil layers both ithgr autumn and spring.
It coincides with the research of S. K. Roy, S.bskawa and
T. Okayama, that usually a significant correlati@miween soil moisture
and organic matter content is found in subsoilwidts stated that soil
particle < 0.01 mm contentr , = 0.202 and density of
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Ap horizonr = 0.243 had a significant effect on soil moistune i
20 - 25 cm soil layer in autumn and in spring adaugly.

The interconnection between soil moisture and facstudied
is also based on the negative correlation foundvdent the differences
of point height above sea level and winter wheatdy({if point height
increased, yield decreased) during both researatsyand during 2006,
when the amount of precipitation was lowest fronthb@esearch years
the credibility level of interconnections was sfigantly higher
(P < 0.01). When using partial correlation calculations véhére effect
of height, m above sea level, is excluded, it wated that the effect of
organic matter content on the differences of sodisture did not
decrease for yield 2006 and 2007.

The negative effect of point height above sea lewelthe
differences of soil moisture was higher under ctods of year 2006
with a decreased amount of precipitation. Duringngp2006 the effect
of organic matter content on the differences of smisture was higher
in all soil layers than during autumn, but undenditions of year 2007 -
only in spring in soil layer 40 - 45 cm.

Previous  characteristics’ evaluation of  correkativ
interconnections showed that the differences ofl sodisture in
40 - 45 cm soil layer during both research yeax$ &aignificant and
positive effect on winter wheat yield.

It was stated that in all water run-off groups dgriautumn
2005 in soil layers 0 - 5 and 20 - 25 cm soil maistwas low < 25%,
and it was significantly lowerR( < 0.05 on highest watersheds - 18.9
and 19.2%, but increased significantly in the dimtof slope, and was
the highest in the last points before double catftnarea - 23.2 and
24.1%, respectively. During autumn 2006 soil mgisticontent in
0 - 5 cm soil layer was significantly higher than20 - 25 cm soil layer
and analogous to the autumn 2005 - significanthwelo in highest
watersheds - 24.9 and 22.5%, but gradually incokaséhe direction of
slope. During autumn 2005 soil moisture in 20 -c25 soil layer was
higher than in 0 - 5 cm layer, but during autum@&@ was higher in
0 - 5 cm soil layer than in 20 - 25 cm layer. Dgrivoth research years
significant differences in soil moisture contentlieeen observed.

During spring 2006 and 2007 soil moisture conterdasw
significantly lower in 0 - 5 cm soil layer but graally increased in
deeper layers. Analogous to autumn 2005 and 2086, ia spring
during both research years moisture content wasfigigntly lower in
highest watersheds from 12.6 - 18.3%, but it wgaicantly higher in
points before double catchment area from 17.83%3.
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The significance of soil heterogeneity indices inreation of
soil penetrometric resistance differences. Soil penetrometric
resistance is one of soil agro-physical indicest thadicates soil
compaction and can affect plant development diyettbcause in soil
that is too compacted plant development is incomren During both
years of winter wheat growing soil penetrometrisistance changed
depending on soil moisture: if moisture contentsimil was lower,
penetrometric resistance was higher, but if soiistooe content was
higher, that directly characterises with rich ppéeition during 2007,
penetrometric resistance decreased. It dependoalsoil layer where
the compaction develops, where more moisture aclatesu It should
be taken into account that in winter wheat sowidgsing wintering
period under the effect of frost soil penetrometeisistance changes.

Whole factor complex has an effect on soil peneéiin
resistance differences, but height above sea Iéaal a priority
significance. From the factors included in the agsk in creation of
differences in soil penetrometric resistance intairwheat sowings in
autumn - soil moisture in topsoil in 0 - 5 and 2&6-cmr y, = -0.505 and
r « = -0.419 layers had a significant negative eff@@t < 0.01).
A significant positive effectK < 0.01) was stated in height differences
in resistancer(,, = 0.247) in 10 - 20 cm layer. Soil penetrometric
resistance in this layer was negatively affectedifferences P < 0.07)
in organic matter content {, = -0.254) and soil moisture in 20 - 25 cm
soil layer -r y, =-0.193 P < 0.09.

Calculations of partial correlation (Table 3) extihg the effect
of point height, decreased the effect of soil moistin 0 - 5 cm layer
I ys.x1 = -0.499 and in 20 - 25 cm layel,s .« = -0.415 P < 0.01) on
soil penetrometric resistance. By using point heigé the exclusion
factor, the effect of organic matter content ongieymetric resistance in
10 - 20 cm soil layer ;3.1 = -0.177, decreased credibility level from
(P <0.0)to (P<0.05.

Linear correlation calculations on the effect oftéas on the
creation of soil penetrometric differences in winteheat sowings in
subsoil for yield 2006 in spring showed a high, ifhesly significant
(P < 0.0) effect of height differences, as well as a negdi
significantr ., = -0.180 effect of soil moisture in 20 - 25 cmday

Partial correlation calculations, excluding poietidht, did not
change the effect of soil moisture in subsoil frathto 50 cm on soll
penetrometric resistance. No significant intercatioes between
Ap horizon and soil penetrometric resistance dififees were found.

Soil moisture, organic matter content, and densdy
Ap horizon had correlative interconnections. Theignificance
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appeared also in the evaluation of soil penetrdmatsistance in water
run-off groups. Soil penetrometric resistance ia thighest watershed
(197 N cn?), in slope to double catchment area (149 Nfcemd open
drainage system (152 N &) in lowest points before open drainage
system (133 N cif) and before double catchment area (141 N)cm
during autumn 2005 in 0 - 5 cm layer was signifttarfP < 0.09
higher than during autumn 2006 in the same soérlaBut in 10 - 20 cm
soil layer in slope to double catchment area (25eni) and to open
drainage system (209 N & and in lowest points before open drainage
system (209 N cif) soil penetrometric resistance during autumn 2006
was significantly higher than during autumn 2006il $enetrometric
resistance in 20 - 30 cm soil layer in all waten-off groups was
significantly higher during autumn 2005, excludistppe to double
catchment area (478 N &) where the resistance was significantly
higher during autumn 2006 than in year 2005.

Spring 2006 had a decreased precipitation amout,ira the
highest watersheds, in 30 - 40 cm soil layer thié genetrometric
resistance (512 N c¢f was significantly P < 0.05 higher than during
spring 2007 (317 N ci). During both research years soil penetrometric
resistance was significantly higher in 30 - 40 eyer than in 20 - 30 cm
layer, excluding spring 2007, when soil penetrofoetesistance was
higher in lowest points before open drainage syst248 N cn?) in
20 - 30 cm soil layer, not in 30 - 40 cm layer§28 cm?). But in layer
from O - 10, 10 - 20 and 40 - 50 cm no significdifferences of soil
penetrometric resistance were found.

Taking into account the deep soil loosening befaiater
wheat sowing in 2005, soil penetrometric resistahes decreased
during research years, thus substantiating that tisea dilatory effect. It
should be taken into account that before winteratie the field winter
rape had been grown, which is characterised byep dmt system.

Soil moisture and penetrometric resistance intercamections
with yield. Partial correlation coefficients specified the leation of
factor effect and showed that exclusion of soilgiszmetric resistance
as a factor increased the effect of soil moistureninter wheat yield
during autumn 2005 and 2006 in soil layers from @ 30 cm
(Table 4). Analogous interconnection was determilsd during spring
2006 and 2007 in 40 - 50 cm soil layer and duri@@&in 0 - 10 cm soil
layer. But correlation interconnections without leston of factor
substantiate the importance of soil moisture irdyfermation process.
Winter wheat yield was positively affected by soibisture both during
sowing year autumn and spririg € 0.05; P < 0.0).

43



But if soil moisture is used as exclusion facta, significant
effect of soil penetrometric resistance on wintdreat yield had been
determined R > 0.05. Correlation interconnections without exclusion
factor substantiate the negative effect of soilgbemetric resistance in
yield formation process. Winter wheat yield wasffigantly negatively
affected by soil penetrometric resistance duringumm 2005 in
20 - 30 cm soil layer, and during spring 2006 an8072
(P < 0.09 in analogue soil layer.

Interconnections of soil moisture and penetromakgistance
during autumn 2005 and 2006 showed that soil pentric resistance
in 0 - 10 cm soil layer had not been significandifected by soil
moisture (Table 5). But in 20 - 30 cm soil layenggometric resistance
was significantly affected (, = -0.291) by soil moisture during autumn
2005 P < 0.095 and during autumn 2006 both in 0 - 5, and in 205 -
soil layer P < 0.0).

Interconnections of soil moisture and penetromagistance
during spring showed that spring interconnectioesenmore significant
than those in autumn. Soil penetrometric resistamas significantly
affected in 0 - 10 cm soil layer by soil moisture 20 - 25 and
40 - 45 cm layerR < 0.095 during spring 2006. Resistance in 20 - 30
cm soil layer was significantly affected by soil istare from O until 45
cm. But no significant interconnections betweenl gmnetrometric
resistance and soil moisture in 40 - 50 cm layaeviend.

Soil penetrometric resistance in 0 - 10 cm soilefayvas
significantly affected by soil moisture in layerofn O until 45 cm
(P < 0.0)) during spring 2007. Resistance in 20 - 30 cm lsgiér was
significantly affected by soil moisture in 20 - 26d 40 - 45 cm layers.
Significant interconnections between soil penetrinimaesistance and
soil moisture in 40 - 50 cm soil layer were statedlayer from
0 until 45 cm.

Yield forming elements under conditions of relief dferences

Winter wheat germination. Number of winter wheat shoots
was significantly lower in the highest watershe®97.7 pieces per In
but significantly P < 0.05 higher in slope to double catchment area -
361.2 pieces per frduring autumn 2005. But the number of winter
wheat shoots was significantly lower in lowest peifbefore open
drainage system - 283.0 pieces péramd significantly higher in lowest
points before double catchment area 387.0 piecempduring autumn
2006. No significant differences were found betwdba first three
water run-off groups during autumn 2006.
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Changes in winter wheat germination in autumns tho
drilling year can be explained with different metadogical conditions
during trial years. Generally evaluating, highemfwer of winter wheat
shoots was in autumn 2006, in October, when that gamples had
been taken - warm weather stimulated the developofeminter wheat;
air temperature was 9.2 °C, and average amountedfigtation was
71.6 mm.

Coefficient of tillering. One of the winter wheat yield forming
elements is tillering coefficient. It was signifitdy lower on the highest
watershed (2.9), but significantly? (< 0.05 higher in slope to double
catchment area (3.3) and in last points before ldooatchment area -
3.2 during spring 2006. But data of 2007 show thiatring coefficient
was significantly higher in the highest watershed an last points
before double catchment area (2.3), but in othesethwater run-off
groups it was 2.1.

Comparison of tillering coefficient through yeatwows that it
was significantly lower in spring 2007, what can éeplained with
meteorological conditions, as spring 2007 was &atd with increased
amount of moisture, and cold. During the third t&y period of April
winter wheat was in tillering stage. The averagdeaanperature in April
was 5.2 °C - lowest during research years. Butageprecipitation was
31 mm and snow had been registered on April 9, yileathe
development of winter wheat. It was significantlighrer in last points
before double catchment area during both researatsy

Plant mass of winter wheat.Plant mass of winter wheat was
significantly P < 0.05 higher during autumn 2005 than it was during
autumn 2006, analogous coherence through yearshearenoticed for
tillering coefficient and root length. It was sifjoantly lower in slope to
open drainage system 0.093 g during autumn 2006 siguaificantly
higher on the highest watershed 0.105 g. No sitanifi coherence
between winter wheat plant mass in water run-offugs were found
during autumn 2006.

Winter wheat plant mass was significantly highersjoring
2007 if compared with autumn indices. In spring @fant mass was
significantly higher in slope to double catchmemntaa 0.437 g, but
significantly lower in lowest points before openaithage system
0.354 g. In spring 2007 winter wheat plant mass sigsificantly higher
in the highest watershed 0.697 g, but significalayer in slope to open
drainage system 0.566 g.
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Root length of winter wheat. In autumn 2005 roots of winter
wheat were significantlyR < 0.095 longer than in autumn 2006. In
autumn 2005 significant differences in root lengtlere noticed in
lowest points, where roots were significantly lon¢®4.38 cm), and in
last points of slope, where they were significarghorter (12.44 cm).
Analogous coherences between both water run-oftiggchave been
noticed also in during autumn 2006. But no sigaffic differences
between the first three water run-off groups weoéced during both
research years.

Area of flag leaf. Area of winter wheat flag leaf was
significantly (P < 0.09 higher in the year 2007 than in 2006. During
2006 a significantly lower area of winter wheagflgaf was noticed in
slope to double catchment area 14.7,dmt it was significantly higher
in last points before double catchment area 17.9 Buring 2007 area
of winter wheat flag leaf was significantly lowen ithe highest
watershed 15.6 cibut it was significantly higher in lowest points
before open drainage system 17.9.cm

Area of winter wheat flag leaf was higher during020 but
winter wheat yield was higher during 2006. Caldokatesults showed -
the higher area of flag leaf, the higher yieldcduld be explained with
meteorological conditions during vegetation periééthough the year
2007 is characterised as being too moist or hagmgugh moisture in
soil (after HTK), it had a negative effect on winteneat yield.

During the research it was stated that from theetitisplayed
yield groups area of flag leaf had a significarfeef (P < 0.05 on
winter wheat yield, if the yield level was highég. above 7.00 t Ha
r y« = 0.436 and ., = 0.461 (Table 6). No significant effect of area o
flag leaf on winter wheat yield was found in yigitbups till 7.00 t ha

The exclusion of the effect of point height diffeces in partial
correlation calculations did not change the posisignificance of area
of flag leaf.

Winter wheat yield. The area division in water run-off groups
and usefulness of territorial representation ofasafe groups has been
evaluated by differences in winter wheat yieldse 72006 and 2007
winter wheat yield data showed that significant®} € 0.05 higher
winter wheat yield was obtained in 2006, which wharacterised with
lower amount of precipitation. The 2006 yield dataowed that a
significantly higher winter wheat yield 8.64 t*havas obtained in last
points before double catchment area, which is dberaed with humus
peaty gleyic soil, and in lowest points before oplainage system
7.08 t ha, but it was the lowest in the highest watershet® 5. ha',
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which is characterised with typical turf carbonstd. But there were no
significant differences between yields in slopeofen drainage system
and to double catchment area in 2007. Analogoug0f6, it was the

lowest in the highest watershed 4.31tha

The effect of soil agrochemical properties on wintewheat
yield. Organic matter content had a significant effectwonter wheat
yield during both research years (Table 7). Du20§6 organic matter
content was ,, = 0.406 P < 0.01), and during 2007 it wasr-y = 0.302
(P <0.05.

Other agrochemical properties had no significarfectf on
winter wheat yield.

Technical possibilities to decrease the effect obis heterogeneity

Data grouping after the density of humus accumulatn
horizon. Data ranging and grouping after the density of ApiZon
allowed to state that winter wheat yield was sigaifitly higher if the
density of Ap horizon was higher than average ithlresearch years
(Fig. 2), and during 2006 winter wheat yield to igher density of
Ap horizon (7.25 t hd) was significantly @ < 0.09 higher than in 2007
(5.86 t hd). In area parts with higher organic matter contert higher
density of Ap horizon soil penetrometric resistanmeags decreased in
40 - 50 cm depth.

By using the average value (38 cm) of density ofh&pizon as
the criteria of soil tillage difference, area, whevith a low production
risk it would be possible to decrease the deptlsaif tillage, would
draw up to 47.9% from the total; risk of possiblelg decrease is fully
ensured. It is also stated with the fact that wintkeat yield in the areas
with higher average density of Ap horizon was digantly higher than
in areas where the density of Ap horizon was bdlwevaverage during
both research years.

As a choice of criteria usage on decrease of defptbil tillage,
trial results of previous years from 2001 until Q0from RSF
,vecauce”, as well as research result summary souee saving soil
tilage systems from LUA Agriculture department babeen used
(Lapins, Berzins, Gaile et al., 2001; et al.).

Data grouping after organic matter content in soil.From the
winter wheat yield forming factors in the reseamdifferences in organic
matter content together with density of Ap horizeere the factors that
had a significant meaning in deciding upon solagié difference from
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the winter wheat yield volume point of view (Fig. ®ata ranging and
grouping into two basic groups, above and belowatherage organic
matter content, allowed to state that winter whéat was significantly
higher if the organic matter content in soil wasowab the average
(> 26.5 g kg), but greater differences in yield data were found
connection with meteorological conditions (Fig.d®ring both research
years.

Area, where it would be possible to decrease deptkoil
tillage, would draw up to 34.6% from research aitarganic matter
average content (that was 26.5 g'kgvas used as depth of soil tillage
difference criteria in field Kurpnieki.

Data grouping after soil reaction.According to data from soil
reaction digital cartogram, three out of five sahction groups were
dominating in field Kurpnieki. Soil reaction groupormal draw up to
78.5%, lightly acidic - 17.2% and medium acidic .4%. Cartogram
states that maintenance liming is not necessasgiifreaction is above
6.3 by grading content sM and organic matter canteB0 g kg In
4.4% of field basic liming is needed because pHnidium acidic,
grading content is sM and organic matter contenthiese points is
19 and 21 g kg according to regulations the lime norm needed in
average is 4.25 - 5.05 t'haf pure dry CaC@

Data grouping after phosphorus contentAccording to data
from phosphorus content useful for plants threedafutve phosphorus
groups were dominating. Phosphorus content grougy high drew up
to 48.5%, high - 46.2% and medium - 5.4Bb6states the fact that in
4.4% from field area soil reaction must be evened; a result
phosphorus content in soil would improve, becaudaetp are not able to
receive it in acidic soil. After evening the sadlactions it is possible to
manage phosphorus fertilizer doses difference lamtp.

Data grouping after potassium content.According to data
from potassium content useful for plants, three @ufive potassium
content groups were dominant in field Kurpnieki.tddsium content
group: very high drew up to 0.8%, high - 47.9% ametlium - 51.3%. It
is also possible to differentiate potassium femiti doses according to
potassium content in soil and plants grown. Thennfiattor setting the
differences of potassium and phosphorus conterto@soil was the
result of precipitation water flow created by saiksorelief. It was
significantly lower in four monitoring lines in tgpil in areas that were
characterised by open drainage system than by stetempoints.
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CONCLUSIONS

1. Under the conditions of heterogeneous reliethm highest
watershed in 0 - 20 cm layer, highefOp and K0 content than in slope
to open drainage system has been determined. inptasts before
double catchment area® and organic matter content, as well a®sP
content was higher. But only 4.4% from the researela with slope to
open drainage system had inadequate soil reactiprwinter wheat
growing.

2. Winter wheat yield had a positive correlationthwisoil
moisture, but a negative correlation with penetrisimeesistance. In the
highest watershed in 30 - 40 cm soil layer the peneetric resistance
was higher during a dry year - 2006 (512 N®rthan during a year
with enough moisture - spring 2007 (317 N9min autumn and also in
spring soil moisture content was lower in the higgh&atershed than in
slope before double catchment area.

3. In partial correlation between soil moisture, il so
penetrometric resistance and yield, using soil thogsas an exclusion
factor, no effect of soil penetrometric resistancewinter wheat yield
was determined, as by increasing soil moisture peihetrometric
resistance decreased. Time of observation sets utiedulness of
measurements of penetrometric resistance in sulagei for creation of
digital cartograms for determination of soil degpdening difference,
with the basic criteria, so that the soil moistucild not be higher than 20%.

4. If the average density of Ap horizon (38 cm) waed as the
soil tillage difference criteria, area, where it vieb be possible to
decrease the depth of soil tillage with low produitt risk, would draw
up to 47.9% from research area. But, if organictenaverage content
(26.5 g kg") was used as the soil tillage difference criteait@a, where it
would be possible to decrease the depth of dagdilwith low productivity
risk, would draw up to 34.6% from research area.

5. Higher winter wheat yield was obtained in 20@@&t is
characterised as having decreased amount of pia@pi during
vegetation period. No significant differences immber of winter wheat
shoots and tillering coefficient depending on ifelieere found. Winter
wheat root, as well as plant mass during autumh wttough moisture
in 2005 was significantly higher than during tooist@utumn of 2006.
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6. Differences of soil moisture in spring in 20 5 Znd
40 - 45 cm soil layer had a significantly positeféect on area of winter
wheat flag leaf and winter wheat yield. Partialretation between area
of winter wheat flag leaf and yield, by using poim¢ight or soil
moisture as exclusion factors, shows that the wiffees of these
exclusion factors decrease the significance optimtive flag leaf effect
on winter wheat yield.

7. It is possible to optimise the winter wheat giroyv
technologies under the conditions of differentafedind soils referring to
soil agrochemical properties: soil reactionQPand KO content. It is
possible to optimise soil tillage by taking intocaant the density of
Ap horizon and organic matter content.
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