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IEVADS

Slapekla m&slojuma optimizacija ir sarezgits process, jo to ietekmé daudzi
biotiski un abiotiski faktori. Citas valstis izstradatas slapekla meslojuma
optimizacijas shémas Latvijas agroklimatiskajos apstaklos nav precizas, tas
nepiecieSams parbaudit un pielagot. Savukart lauksaimnieki vélas, lai
piedavatas slapekla méslojuma normas noteik§anas shémas biitu ar augstu
ticamibas pakapi, vienkarsas un to pielietosana nodrosinatu:

e racionalu slapekla méslojuma izlietoSanu;

e maksimali ekonomiski izdevigas razas ieguvi;
e razas kvalitates nodroS$inaSanu;

e minimalu ekologisko risku.

Latvija lauksaimnieciba izmantojamajam zemém ir liela augsnes 1pasibu
dazadiba. Ta radusies gan augsnes veidoSanas gaita, gan antropogénas ietekmes
rezultata. Parasti dala lauksaimnieku konkrétu laukaugu mesloSanai visos
laukos lieto vienadas meslojuma normas, kas gan no ekonomiska, gan no
ekologiska viedokla ir veértéjams negativi. Visbiezak slapekla meéslojuma
normas tiek planotas orientgjoties uz saimniecibas vidgjo laukaugu razibu, ka
rezultata dala lauku nepietickoSa méslojuma gadijuma augu raZas potencials
netiek pilnigi izmantots, vai ari otradi — lietojot parmeérigi daudz slapekla
méslojumu vietas, kur vajadziba p&c ta nav tik liela, nevajadzigi tiek piesarpota
vide. Tapéc diferencétai laukaugu meslosanai nakotng ir liela nozime.

Slapekla meslojuma vajadzibas noteikSana pirmaja acumirkll skiet
vienkarSa probléma, bet, aplikojot to ripigak, rodas virkne neskaidru
jautajumu. Optimala slapekla méslojuma norma ir vairaku sava starpa saistitu,
mainigu procesu rezultats. Ipasi tas attiecinams uz slapekli jutigu kultiiraugu —
vasaras kvieSiem.

Latvija optimalo slapekla méslojuma normu lidz So pétjjumu uzsakSanai
galvenokart noteica, nemot veéra slapekla iznesi ar planoto razu, organiskas
vielas saturu augsng, iestradato organisko méslojumu un citus faktorus.'

Eiropas Savienibas valstis jau vairakus gadus lieto detaliz&ti izstradatus
slapekla méslojuma normativus atkariba no kultiiraugu audze$anas apstakliem.
Latvija slapekla mineralméslu normas diferencéSana atkariba no prickSauga un
augsnes granulometriska sastava ir aktuals jautajums. Lidz§ingjos petijumos
nepietickosa uzmaniba ir veltita optimalas slapekla normas noteikSanai atkariba
no priekSauga un augsnes granulometriska sastava. Par §is problémas aktualitati
liecina ar publikacijas, kuras noradits, ka smilSmala un mala augsnes, it Tpasi
labi iekultivétas, pie vienadiem citiem apstakliem (priekSaugs, organiska
méslojuma iestrade u.c.) augsnes minerala slapekla krajumi parasti ir krietni

U Labas lauksaimniectbas prakses nosacijumi (1999). Atb. par izd. P. BuSmanis Latvija. Latvijas
Lauksaimniecibas Universitate. Jelgava: SIA “Jelgavas tipografija”, 103 lpp.
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lielaki neka smilts vai malsmilts augsnés. Tadél lidziga kultiiraugu razas limena

nodros§inasanai smaga granulometriska sastava augsnés jadod mazak slapekla

méslojuma neka vieglas augsnés.’

Lidz $im Latvija $ada tipa jautajumi netika pétiti kompleksi. Tika pétita
vai nu méslofanas un vasaras kvie§u izséjas normas un gkirpu®, vai nu
priek§auga un augsnes granulometriskd sastava®, vai méslosanas un augsnes
iekultivésanas pakapes’ ietekme uz graudaugu razibu un/vai tas kvalitati.

Daudzas valstis tiek izmantotas specialas datorprogrammas, ar kuru
palidzibu aprékina optimalo slapekla normu. Diferencétu slapekla méslojuma
normu noteiksana atkariba no dazadiem apkartgjas vides faktoriem Latvija kliist
arvien aktualaka. Nemot vera ieprieks teikto, tika izvirzita petijumu hipoteze:
optimalo slapekla méslojuma normu vasaras kvieSiem ietekmé priekSaugs un
augsnes granulometriskais sastavs, ka arT to mijiedarbiba.

Darba meérkis bija precizét slapekla méslojuma optimalas normas noteikSanu
vasaras kvieSiem atkartba no priekSauga un augsnes
granulometriska sastava.

Darba uzdevumi:

1. pétit pieaugosu slapekla mineralméslu normu ietekmi uz vasaras
kvieSsu graudu razu atkartba no priekSauga un augsnes
granulometriska sastava, nemot véra slapekla savienojumu saturu
gan augos, gan augsné augu vegetacijas laika;

2. pec iegilitajiem rezultatiem noskaidrot optimalo slapekla
mineralméslojuma normu izméginajumos un vertet tas noteikSanas
metodes vasaras kvieSiem atkariba no priekSauga un augsnes
granulometriska sastava;

3. skaidrot vasaras kvieSu graudu kvalitativo raditaju izmainas
atkariba no slapekla méslojuma normas, prickSauga un augsnes
granulometriska sastava.

Petijumu novitate.

1. Skaidrota slapekla mineralm&slu, priekSauga un augsnes

granulometriska sastava savstarpgjas iedarbibas efektivitate
vasaras kvieSu s€jumos.

% Timbare R., Bu§manis M. (2000) Minerala slapekla saturs augsné 2000. gada pavasari. Raziba,
Nr. 7, Ipp. 24. - 25.
3 Sivips O., Pogulis A. (1996) Vasaras kviesu $kirnu razas forméSana atkariba no N méslojuma un
izs€jas normas. No: Zinatniskas konferences (7. un 8. februari 1996. gada) raksti. LLMZA, LLU
Lauksaimniecibas fakultate, LLU. Jelgava, 104. Ipp.
4 Lejina B. (1965) Dazadu ziemaju priekSaugu efektivitate velénu podzolétas smil§mala un
malsmilts augsnés. Augsne un raza. Latvijas Zemkopibas zinatniskas pétniecibas institiita
zinatnisko rakstu krajums. XIII. Riga, 29. — 41. Ipp.
5 Anspoks P. (1979) Meéslojums un razas kvalitate. Riga: Liesma. 195 Ipp.
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2. Lauka izméginajumos noteikta optimala slapekla
mineralméslojuma norma vasaras kvieSiem péc kartupeliem,
zalaugiem un graudaugiem malsmilts un smilSmala augsné,
izmantojot divas atSkirigas metodes, ka arT veikts So metozu
novertejums.

3. Noskaidrota picaugosa slapekla meslojuma, priekSaugu un
augsnes granulometriska sastava ietekme uz vasaras kvieSu
graudu razu un tas kvalitates raditajiem, ka arT skaidrota minéto
faktoru kompleksa mijiedarbiba.

Iegiito rezultatu aprobacija un praktiskais pielietojums.

Par pétijumu rezultatiem zinots 12 konferenc€s un seminaros, t. sk.,
6 starptautiskas nozimes. Galvenie p&tfjumu rezultati ir apkopoti 6 zinatniskas,
starptautiskas publikacijas. Darba rezultati popularizéti ar1 3 izstadgs.

Izmeginajumu rezultati izmantoti Zemkopibas zinatniska institiita Lauku
dienas, Latvijas Radio raidijjuma “Lauku Jaudim” veidosana, televizija, Latvijas
Lauksaimniecibas universitates studentu apmacibai, ka ar1 Latvijas Lauku
Konsultaciju un Izglitibas centra (LLKC) informacijas materialos.

Petfjumu rezultati izmantoti Latvijas mineralméslu lietoSanas normativu
izstradei. Promocijas darba rezultati izmantoti Latvijas — Danijas kopprojekta
“Mineralméslu un kitsméslu normativu uzlabosana Latvija”, kura rezultata
2002. gada tika izdoti mé&slosanas un kiitsméslu lietoSanas normativi Latvija.

Agrokimisko pétijumu centrda izveidota lauka izméginajumu datu baze,
kura ievietoti arT doktorantiiras izméginajumu rezultati. Datu bazes informacija
tiek izmantota slapekla mineralméslu lietoSanas normativu pilnveidoSanai ar
mérki paaugstinat produkcijas konkurétsp&ju un samazinat vides piesarnojumu
ar slapekla savienojumiem saskana ar ES Nitratu direktivas prasibam un
HELCOM rekomendacijam.

Petfjumu rezultati izmantoti ari Latvijas Zinatnes Padomes finans&to
zinatnisko projektu “Augsnes auglibas optimizacijas modelu izstrade,
izmantojot un papildinot ilggadigo stacionaru datu bazi” un “Augu baribas
elementu aprites petljumi atbilstosi Labas Lauksaimniecibas Prakses
principiem” izstrade.

Par darbu “Slapekla meslojuma optimizacija vasaras kvieSiem”
2002. gada sanemta LR Zemkopibas ministrijas konkursa “Sg€j€js” veicinaSanas
balva.



MATERIALI UN METODES

Laika posma no 1999. Iidz 2001. gadam tika ierikoti 17 lauka
izmégindajumi ar vasaras kvieSu (Triticum aestivum L.) $kirni ‘Munk’ divu
veidu granulometriska sastava augsnés: malsmilts (mS) un smilSmala (sM) péc
trim dazadiem priekSaugiem: kartupeliem, zalaugiem un graudaugiem.

Izm&ginajuma varianti sakartoti Cetros atkartojumos ar ierobeZoto
randomizacijas metodi. Nejausi izveloties slapekla meslojuma variantu
izkartojumu, tika sekots, lai viens un tas pats slapekla variants nebtitu blakus
laucinos.

Smil$mala augsnes agroktmiskie raditaji: pH KCI — 6.3, organisko vielu
saturs — 23.0 mg kg (Tjurina metode), fosfors P,Os — 100 mg kg" (DL —
metode), kalijs K,O — 135 mg kg' (DL — metode). Malsmilts augsnes
agrokimiskie raditaji: pH KCl — 5.7, organisko vielu saturs — 22.0 mg kg,
fosfors P,0s — 142 mg kg™, kalijs K,0 — 92 mg kg™

Izm&ginajumos vasaras kvies$i ‘Munk’ ies&ti aprila beigas ar izs€jas normu
600 digtspéjigas séklas uz 1 m’, pirms sgjas iestraddjot 60 kg ha' P,Os
vienkar$a superfosfata veida un 90 kg ha™ K,O kalija hlorida veida, kas augsné
kompensé ar vismaz 6.5tha’ lielas graudu raZas iznestas baribas vielas.
Graudu kodinaSanai pirms s&jas tika izmantota kodne Vincits (flutriafols,
25gL" un tiabendazols, 25 g L") 2 L t'. Nezalu ierobeZo$anai izmantots
herbicids Granstar (metil-tribenurons, 750 g kg') ar normu 15 g ha™'. Slimibu
ierobezosanai kviesu stiebrosanas fazg lietots fungicids Tango (epoksikonazols,
125 g L un tridemorfs, 375 g L") ar normu 0.8 L ha”. Laputu ierobeZo$anai,
kuru masveida izplatiba bija 1999. gada, tika lietots insekticids Bi — 58
(dimetoats, 380 g L) ar normu 1.0 L ha™.

Kopgja viena laucina platiba bija 45 m* (3m x 15 m), bet uzskaites platiba
bija 32.8 m’. Raza tika vakta ar tieSo kombaingSanu, lietojot mazgabarita
kombainu ‘Sampo 500°. No katra laucina nokultie graudi tika nosverti un no
tiem nemts vid&jais graudu paraugs talakai to strukturalai un kimiskai analizei.

Pavisam izmégindjumos tika parbauditi septini slapekla méslojuma
varianti 0; 50; 100; 150; 200; 250 kg ha™ un slapek]a méslojuma diagnostikas
variants ar difenilamina metodi. Pirms vasaras kvieSu s€jas augsné tika
iestradati 60 % no paredzetas slapekla méslojuma normas amonija nitrata
(NH4NOs) veida, kura slapekla firviela sastadija 34.4 %. Otra slapekla
méslojuma deva, 40 % apjoma, izkliedeta vasaras kvieSu ceroSanas fazes
beigas — stiebrosanas sakuma (EC 29).

Vasaras kvieSu slapekla nodroSinajuma diagnostikas varianta pirmaja
iestrades reizé tika lietots 60 kg ha™' N slapekla, bet papildmeslojuma deva tika
noteikta ar difenilamina ekspresmetodi. Diagnostikas varianta kvieSu ceroSanas
fazes beigas (EC 29) iestradata slapekla mé&slojuma papilddevas lielumu, ka art
kopgjo iestradato slapekla méslojuma daudzumu atspogulo 1. tabula.
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1. tabula/Table 1

Slapekla méslojuma otra un kopéja deva diagnostikas varianta, kg ha™
The second and the total dose of nitrogen in variant of diagnostics, kg ha”

Auesne/ Soil Péc graudaugiem/ P&c kartupeliem/ P&c zalaugiem/
e After cereals After potatoes After grasses
kopa/ kopa/ kopa/
1999. gads/ year EC 29 total EC 29 total EC 29 total
Malsmilts/ 25.5 85.5 24.0 84.0 260 | 86.0
Sandy loam
Smil§mals/ Loam 26.4 86.4 0.0 60.0 7.0 67.0
2000. gads/ year
Malsmilts/ 15.0 75.0 190 | 790 195 | 795
Sandy loam
Smil§mals/ Loam 12.0 72.0 17.0 77.0 11.5 71.5
2001. gads/ year
Malsmilts/ 13.0 73.0 17.0 77.0 100 | 70.0
Sandy loam
Smil§mals/ Loam 20.0 80.0 15.0 75.0 15.0 75.0
Pirms izméginajumu iekarto$anas, abas augsnés tika audzeti

nepiecie$amie priekSaugi nako$a gada izméginajumiem. Izmé&gindjumos tika
ieklauti priekSaugi, kas aptver tris popularakas laukaugu grupas Vidzemes
regiona: graudaugi, zalaugi un kartupeli. Ka graudaugi izmantoti vasaras kviesi
(atkartots s€jums), kas tika s€ti aprila treSaja dekadé ar izs€jas normu 600
digtsp&jigas seklas uz kvadratmetru. Pirms vasaras kvieSu sEas augsné
iestradati 60 kg ha™' P,Os vienkarsa superfosfata veida un 90 kg ha™ K,O kalija
hlorida veida. Slapekla méslojuma norma bija 80 kg ha’ N. Graudu
kodinasanai lietots Vincits (flutriafols, 25 g L”'; tiabendazols, 25 g L) ar
aprékinu 2 L t'. Nezalu ierobezoSanai izmantots herbicids Granstar (metil—
tribenurons, 500 g kg') ar normu 15 gha”. Slimibu ierobezo$anai lietots
fungicids Tango 0.8 L ha’. Kvieu rugaine tika smidzinata ar herbicidu
Raundaps (glifosats, 360 g L) ar normu 4 L ha”'. Novakta vasaras kviesu
graudu raza vidgji 3 t ha”'. Sasmalcinot salmus uz lauka, iestradats 3 t ha’
sausnes.

Zalaugu mistrs (turpmak teksta zalaugi): sarkanais abolins ‘Skriveru
agrais’ 10 kg ha™ un viengadiga airene 10 kg ha™, ieséts maija pirmajé dekade.
Isi pirms s&jas augsné iestradati 60 kg ha™ P,Os, ka arf 90 kg ha™ K,0 attiecigi
vienkar$a superfosfata un kalija hlorida veida. Vegetacijas laika zalaugu zala
masa tika divas reizes noplauta, sasmalcinata un atstata uz lauka. Noplautas
zalas masas apjoms bija vidgji 4 t ha'. Atals pirms iearSanas smidzinats ar
herbicidu Raundaps (glifosats, 360 g L) ar normu 4 L ha'. Zalaugu mistrs:
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agrais sarkanais abolin$ un viengadiga airene tika izvelets, lai péc iespgjas isa
laika — viena sezona, tiktu ieglts priekSaugs, tuvinats biezak sastopamiem
zalaugu priekSaugiem saimniecibas.

Kartupeli ‘Sante’ tika staditi maija vidd, staidama materiala norma 3 t ha™.
Nezales ierobezotas ar herbicidu Titus (rimsulfurons, 250 g kg'') 0.05 kg ha™.
Slimibu ierobeZo3anai lietots fungicids Ridomil Gold (mankocebs, 64 g kg,
metalaksils—M 4 g kg") ar normu 2.5 kg ha™ un Ditans (mankocebs, 750 g kg™)
2kgha'. Kartupelu méslosanai lietoti kompleksie mineralmésli kartupeliem
NPK 11 — 11 — 22 ar normu 450 kg ha™, kas tirviela sastadija NPK 49.5 —
49.5 - 99 kg ha™. Tika ievakta vidgji 25 t ha™ liela kartupelu bumbulu raza.

Minerala slapekla saturs augsné noteikts variantos bez slapekla méslojuma
lictoSanas. Vienas augSanas sezonas laika augsnes paraugi tika npemti
vegetacijas sakuma, kvieSu ceroSanas laika (EC 26), stiebroSanas fazes beigas
(EC 37) un 1si péc ziedéSanas (EC 69). Vidgjais paraugs tika veidots,
apvienojot 4 zond€jumus. Augsnes paraugi nemti ar augsnes zondi ieprieks
izveleta un atziméta laukuma trijos augsnes dzilumos: 0 — 20, 20 — 40 un 40 —
60 cm, Cetros atkartojumos. Augsnes vidgjie paraugi tika ievietoti termosoma ar
aukstumu uzturoSiem elementiem un nogadati Agrokimisko P&tljumu centra
laboratorija. Aprekinos par vasaras kviesu nodroSinajumu ar mineralo slapekli
Nmin pienemts, ka malsmilts augsnes tilpummasa ir 1.2 kg L' un smil§mala —
1.4kg L™

Slapekla satura dinamikas noteik8anai augos visos izmégindjuma
variantos no Cetriem atkartojumiem nejausi izvéletu augu galvenie stiebri ar
lapam tika apvienoti vidgja parauga, kuru kopslapekla satura analize tika veikta
Zemkopibas zinatniska institiita laboratorija. Augu paraugi tika nemti cero$anas
fazes beigas (EC 29), stiebrosanas faze (EC 37), varposanas sakuma (EC 51) un
péc ziedesanas (EC 69). No katra atkartojuma tika ievakti piecu nejausi izveletu
augu galvenie stiebri, nogrieZot tos pie saknu kakla. Augu paraugi nekavgjoties
tika sasmalcinati un izzaveti. Turpmaka darba gaita izzavetiem un samaltiem
augu paraugiem tika veikta kimiska analize.

Vasaras kvieSu veldre tika noteikta pec LR Zemkopibas ministrijas
apstiprinatas Skirpu saimniecisko pasibu novértesanas metodikas, vizuali
vertgjot novirzi no stiebru vertikala stavokla ballgs:

9 — veldres nav, stiebri atrodas vertikala stavokli,

7 — veldre neliela, % stiebru noliekusies 30° lenki,

5 — veldre vidgja, ¥ stiebru noliekusSies 45° lenkd,

3 — veldre stipra, apgriitinata razas vaks$ana, ¥4 stiebru noliekusies 60° lenk,

1 — veldre loti stipra, razas novaksana nav iespgjama.

Organisko vielu saturs tika noteikts, tas oksidgjot ar kalija dihromata
(K»Cr,05) skidumu serskabg. Izveidojusos trisvertigo hromu, kas ir ekvivalents
organisko vielu daudzumam, noteica fotokalorimetriski (LV ST ZM 80 — 97).



Augsnes pH tika noteikts potenciometriski 1 molara (M) KCI suspensija,
augsnes un $kiduma tilpumu attieciba 1: 2.5 (LV ST ZM 81 —97).

Augiem izmantojama fosfora un kalija saturs tika noteikts ar Engera -
Rima (DL) metodi (LV ST ZM 82 —97).

Minerala slapekla satura noteik$anas pamata bija amonija (N — NHy) un
nitratu (N — NOs) slapekla ekstrakcija no augsnes ar 1 molaru (M) KCl
$kidumu (augsnes un ekstragenta tilpumu attieciba 1: 2.5) ar tai sekojosu nitratu
un amonija kolorimetrisku noteikSanu.

Graudu un augu paraugi sagatavoti analiz€m péc LVS ISO 6498: 1998
standartos noraditiem panémieniem. To samalSanai tika izmantotas specialas
$im mérkim paredz&tas dzirnavinas, neparkarsgjot analiz€jamo masu.

Paraugu mitrums tika noteikts péc LVS ISO 6496: 1999. Tika lietota
7avésanas metode. Paraugi zavéti 103 'C temperatiira lidz konstantas masas
sasniegsanai.

Slapekla noteikSanai augos izmantota Kjeldala metode (LVS ISO
5983:1997). Kjeldala metode tika lietota slapekla satura noteikSanai arT graudos
un salmos.

Graudu kvalitate noteikta atbilstosi péc Latvijas Valsts standartos
noteiktas metodikas.

Slapek]a méslojuma norma diagnostikas varianta tika noteikta, izmantojot
difenilamina ((C¢Hs),NH) ekspresmetodi, kas balstita uz difenilamina un
nitratu (NOj"), ka arT nitritu (NO,) jonu savstarp€jas reakcijas rezultata
intensivas zilas (N,N'-difenilbenzidinviol&ta) nokrasas veidosanos.

Vidgja diennakts gaisa temperatira 1999. gada tikai vegetacijas perioda
sakuma bija zemaka neka ilggadigos novérojumos. Turpmakaja augu
vegetacijas perioda vidgja gaisa temperatiira bija par 1.7 ‘C augstika neka
parasti. Savukart nokri$nu zina 1999. gada vegetacijas periods Skriveros bija
krietni sausaks neka parasti. Nokri$nu summa piecos augu vegetacijas ménesos
bija par 100 mm mazaka neka ilggadigos novérojumos. Nokri$nu trikumu augi
1pasi izjuta jilija — graudu veidoSanas un nobrieSanas laika. NokriSnu summa
$aja menesI bija gandriz divas reizes mazaka par normu, kas lidzas augstai
gaisa temperatiirai vargja bt viens no bitiskakajiem iemesliem pazeminatai
vasaras kvieSu razai un graudu kvalitatei.

Izm&ginajumu nakosais, 2000. gads izradijas veéss un mitrs. Lai arf vidgja
gaisa temperatara 2000. gada vegetacijas perioda laika bija nedaudz augstaka
neka ilggadigos noveérojumos, dienas bija vEsakas neka parasti, ka rezultata
augu fiziologisko procesu norises atrums diena bija ierobezots. Vasaras kvieSu
vegetacijas laika tika noverots ari tiem nelabvéligs nokrisnu sadalijums.
Vegetacijas perioda pirmaja pusé, kad augiem vairak nepiecieSams mitrums,
nokri$nu summa ménesi bija mazaka neka ilggadigos novérojumos. Vegetacijas
perioda otraja pusé, kad mitrums augiem vajadzigs mazak, Skriveru
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sasniedza 190 mm un ilggadigo novérojumu vid€jo raditaju parsniedza vairak
neka divas reizes. Tomér kopuma no trijiem izméginajumu gadiem, $is bija
salidzino$i labvéligakais gads kvieSu audzesanai.

Tre$aja izméginajumu gada vasaras kvieSu vegetacijas laika vid&ja
diennakts gaisa temperatiira bija augstaka ka ilggadigos noveérojumos. Augsta
dienas gaisa temperatiira noverota kvieSu ziedeSanas laika. Lidzas augstai gaisa
Graudu formesanas laika stipras lietus gazes un brazmains v&j$ saveldrgja labak
attistitos s€jumus. Saveldrétos s€jumos veidojas labveligi apstakli slimibu
attistibai, kas negativi ietekméja graudu razu un kvalitati.

Kopuma izméginajumu laika agrometeorologiskie laika apstakli bija ar
izteiktam novirz€m no ilggadigajiem vidgjiem raditajiem, un katrs
izméginajumu gads bija atskirigs.

Lauka izméginajumos iegito razu datu daudzfaktoru (4) dispersijas
analize tika veikta SPSS programma, izmantojot Visparinato linearo modelu
(General Linear Model GLM) Takei (Tukey) saistibu funkciju, kas saista
rezultativas pazimes vid€jo vertibu ar mainigo linearo kombinaciju un
transformé saistibu starp vienadojuma atseviskam komponenteém ta, lai ta biitu
lineara. Kritiskas robezstarpibas noteiktas ar Post Hoc testa palidzibu. Post Hoc
tests tiek izmantots tad, kad dispersijas analize ir pieradijusi kopgjo faktora
bitiskumu. Tas lauj veikt visu iesp&jamo paru vidgjo vertibu salidzinasSanu,
nemainot kluidas kritériju dotaja vertibu intervala.

Slapekla méslojuma ekonomiska optimuma noteikSanai tika nemtas véra
slapekla meéslojuma izmaksas un slapekla méslojuma lietoSanas rezultata
papildus iegiito graudu vértiba. Optimums bija punkta, kur polinomas regresijas
funkcijas atvasinajums (izmanto ekstréma punktu noteik$anai) bija vienads ar
graudu razas vertibas un slapekla cenas attiectbu maksimumu. Graudu cena tika
pienemta ka 150 Ls t”, bet slapek]a méslojuma izmaksas — 0.44 Ls kg™ N, kas
bija vidgjas So produktu cenas 2007. gada sezona — datu apstrades laika.

Sastadot linearas regresijas vienadojumus, katram izm&ginajumu
variantam noteikta slapekla méslojuma norma, pie kuras konstatets lielakais
graudu razas pieaugums, noteikts graudu razas pieauguma vai samazinajuma
raksturs slapekla meslojuma normas palielinasanas gadijuma.

Graudu razas kvalitates raditaju izvertéSanai lietota divfaktoru dispersijas
analize. Kopproteina satura izmainas graudos atkariba no slapek]la méslojuma
normas un to datu interpretacija veikta ar linearas regresijas analizes palidzibu,
lietojumprogramma MS Excel.

Augu un augsnes slapekla satura savstarpgjo sakaribu mekléSanai
izmantota korelacijas analize.
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Bitiska ietekme uz minerala slapekla nodroSindjumu augsnes virskarta
(0 — 20 cm) bija augsnes granulometriskajam sastavam (Sig. = 0.003) un ta
ietekmes Tpatsvars sastadija 31.3 % jeb n’= 0.313. Augsnes minerala slapek]a
saturs nozimigi (Sig. = 0.015) mainijas vasaras kvieSu vegetacijas laika un ta
ietekmes Tpatsvars bija 34.7 % jeb n’= 0.347 (1. att.). Datu matematiska analize

REZULTATI

Mineralais slapeklis augsné augu vegetacijas perioda

nepieradija So faktoru savstarpgjas mijiedarbibas esamibu (Sig. = 0.426).
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1. att. Vasaras kvieSu nodro§inajums ar N,,;;, augsnes slani 0 — 20 cm

vegetacijas perioda, kg N ha™ (vid. 2000. —2001. g.).
Fig. I Spring wheat suply of N in soil layer 0 — 20 cm,
in average, 2000 — 2001.
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Izvertejot minerala slapekla (Np,) nodrosinajumu péc dazadiem
priekSaugiem kontroles varianta bez slapekla meéslojuma konstatéts, ka
mazakais slapekla krajums augsné bija péc graudaugiem — vidgji 40 kg ha™.
Salidzinosi labs slapekla nodro$inajums vasaras kvieSu vegetacijas laika bija
péc kartupeliem — vidgji 44 kg ha™', bet lielakais slapekla kragjums augsné bija
péc zalaugiem — vidgji 47 kg ha'. Vegetacijas perioda sakuma salidzinosi
augsts minerala slapekla saturs tika noveérots laucinos, kuri tika iekartoti p&c
kartupeliem, kur arT tika iegiitas lielakas graudu razas.

Vertgjot augsnes granulometriska sastdva ietekmi uz slapekla
nodroginajumu, jaatzist, ka smilimala augsné bija par 17 kg ha™' lielaks slapekla
krajums neka malsmilts augsné. Vegetacijas perioda gaita vieglaka augsné
augsnes mineralais slapeklis parvietojas uz dzilakajiem augsnes slaniem.

Labakais vasaras kvieSu nodroSinajums ar mineralo slapekli bija
smil$§mala augsné varianta péc zalaugiem. Vegetacijas perioda sakuma augsnes
slani 0 — 20 cm bija 50 kg ha” slapekla. Vasaras kvie§u ceroanas laika
minerala slapekla saturs palielinajas 1idz 101 kg ha™, kas bija augstakais visa
izméginajuma. Samazinats N, saturs vegetacijas perioda beigas veidojas
kvieSos péc graudaugiem — vidgji 37 kg ha™', kur iepriekigja gada iestradatie
salmi sadaloties imobiliz&ja slapekli. Palielinats vides piesarnojuma risks
vegetacijas perioda beigas veidojas laucinos, kur kvie$i tika audzeéti péc
kartupeliem, jo tur tika konstatets lielakais Ny, atlikums augsné.

Slapekla savienojumu dinamika augos vegetacijas perioda

Lai noskaidrotu slapekla méslojuma pieaugosu normu ietekmi uz
kopslapekla saturu vasaras kvieSos, augu vegetacijas laika slapekla satura
noteikSanai sausna tika nemti augu zalas masas paraugi no visiem variantiem.

Slapekla méslojums palielinaja kopslapekla saturu vasaras kvieSu zalmasa
vidgji par 2 — 43 g kg™ sausnas (2. att.). Lielakais slapekla satura palielinajums
bija vasaras kvieSos varpoSanas stadija (EC 51) varianta, kur iestradata
250 kg ha liela slapekla méslojuma norma. Mazakais kopslapekla satura
pieaugums augos slapekla méslojuma ietekmé bija vasaras kvieSu ceroSanas
laika un pec ziedeSanas. Vasaras kviesu ceroSanas fazeé (EC 29), slapekla
méslojuma normu palielinot no 50 Iidz 150 kg ha™, kopslapekla saturs augos
picauga no 34 lidz 44 g kg' N, bet turpmakas slapekla méslojuma
palielinaanas rezultata slapekla saturs kvieSos praktiski nemainijas un bija
45 g kg™ sausnas. Pétijumu rezultati rada, ka optimalais slapekla saturs kviesu
augos cerodanas fazé — 55 — 60 g kg sausnes’ netika sasniegts neviena
izméginajumu varianta. Variantos, kur slapekla méslojums bija no 0 Iidz
150 kgha' N, vasaras kvieSu stiebrofanas fazé (EC 37) slapekla saturs

® Rinkis G., Ramane H. (1989) K& barojas augi. Riga: Avots. 148 Ipp.
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palielindjas no 26 lidz 42 g kg'. Talaka slapekla méslojuma normas
palielinasana slapekla saturu vasaras kvie$os nemainija.
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2. att. Kopslapekla saturs augu sausna pieaugosa slapekla méslojuma
ietekmé (vid. 1999.- 2001. gados)
Fig. 2 Nitrogen content in dry matter under increasing nitrogen
fertilizer rates (in average, 1999 - 2001)

Lielaka slapekla méslojuma ietekme uz slapekla saturu vasaras kviesu
augos bija to varpoSanas laika. Palielinot slapekla méslojuma normu ik pa
50 kg ha' N, kopslapekla saturs augos palielindjas vidgji par 5 — 12 g kg™
sausnas, un pie 250 kg ha' N kopslapekla saturs sasniedza 85 g kg sausnas.
Pec vasaras kvieSu zied@Sanas, kopslapekla saturs augos bija zemakais un
slapekla méslojuma rezultita pieauga tikai nedaudz. Saja vasaras kviesu
attistibas fazé slapekla méslojuma normas palielinajums par 50 kg ha slapekla
saturu kviesos palielinaja tikai par 1 — 3 g kg sausnas. Variantos ar slapekla
méslojumu 200 un 250 kg ha” N kopslapekla saturs augu sausna vidgji bija
17 gkg' N.

Slapekla méslojuma ietekme uz kopslapekla saturu bija atkariga no augu
paraugu nonemsanas laika, jeb augu attistibas fazes. Kopslapekla saturs augos
samazinajas strauja vegetativas masas pieauguma laika, ka ari graudu
nogatavosanas laika. Izteiktakas kopslapekla satura atSkiribas starp dazadiem
méslojuma variantiem bija vasaras kvieSu varposanas laika — fazé EC 51. Tika
konstatéta arT prickSaugu un augsnes granulometriska sastava ietekme uz
kopslapekla saturu vasaras kvieSos, tacu ta bija neliela un kvieSu vegetacija
otraja pus€ un 1pasi beigas ta praktiski netika noverota.
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Vasaras kvieSu graudu raza

Daudzfaktoru (4) dispersijas analize paradija, ka triju gadu izm€ginajumos
slapekla méslojums, priekSaugi, augsne (Sig. 0.000<0.05) un audzéSanas gads
(agrometeorologiskie apstakli) (Sig. 0.002<0.05) ka atseviski faktori butiski
ietekm&ja graudu razas limeni. Bitiskas graudu razas svarstibas veidojas
méslojuma un priekSaugu, priekSaugu un augsnes, augsnes un gada jeb
agrometeorologisko apstaklu mijiedarbibas rezultata (Sig. 0.000<0.05). Datu
matematiska apstrade paradija arT tr1s faktoru: meslojums — priekSaugs — gads
un priekSaugs — augsne — gads savstarpgju mijiedarbibas bitisko nozimi graudu
razas ltmena nodroS§inasana triju gadu laika (Sig. 0.000<0.05).

Lai noteiktu slapekla méslojuma ietekmi uz vasaras kvieSu graudu razu,
tika noskaidrota vidgja raza atseviSkiem slapekla variantiem péc visiem
priekSaugiem un visas augsnés. Kontroles varianta (bez slapekla méslojuma)
videja vasaras kvieSu graudu raza bija 2.77 t ha’'. Variantd ar slapekla
méslojuma normu 50 kg ha” vasaras kvie$u raza bija 3.35 t ha', kas izradijas
par 0.58 t ha™' vairak graudu neka varianta bez slapekla méslojuma lieto3anas,
un tas bija bitisks graudu razas pieaugums (RSges= 0.382 t ha™). Iestradajot
100 kg ha™ slapekla, graudu raza bija 3.58 t ha™. Tas bija par 0.81 t ha vairak
neka kontroles varianta, tatu salidzinajuma ar iepriek$&jo normu 50 kg ha' N
graudu razas pieaugums 0.23 t ha' vairs nebija bitisks, jo neparsniedza kritisko
robezstarpibu RSpos= 0.382 t ha'. Neliels graudu razas pieaugums bija
palielinot slapekla normu no 100 kg ha™ Iidz 150 kg ha™ N — tikai 0.02 t ha™.

40 357 358 3.60
3s 3.35 I 341 333
3.0 4 2.77
2.5
"z 20
T s
1.0
0.5
0.0 ;

NO N 50 N 77 diag. N 100 N 150 N 200 N 250

slapekla méslojums/ nitrogen fertilizer, kg ha!

3. att. Vasaras kviesu graudu raZas picaugosa slapekla méslojuma ietekmé,
vidgji 1999. — 2001. gada.
Fig. 3 The yields of spring wheat under increasing nitrogen fertilizer rates,
in average, 1999 — 2001
RS} 05 /LSDg 5= 0.382 tha™
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Slapek]a normas palielinasana virs 150 kg ha” N nedeva bitisku graudu
razas pieaugumu. Variantos ar slapekla méslojumu 200 un 250 kg ha' N
vasaras kvieSu raza bija pat attiecigi par 0.24 un 0.27 t ha™ (P = 0.003<0.05)
mazaka neka audzgjot tos 150 kg ha N lielas slapekla m&slojuma normas
ietekmé (3. att.). Razas samazinaSanos var€tu izskaidrot ar vasaras kviesu
veldres palielinasanos, lietojot lielakas slapekla méslojuma normas, kas
atseviSkos gados sasniedza 5 — 4 balles (60 — 80 % no laucinu platibas). Saméra
zemo izméginajumos iegiito graudu razu (3.57 — 3.60 t ha™) var izskaidrot ar
nelabvéligajiem agrometeorologiskajiem apstakliem, kas ietekmgja to, ka
slapekla saturs kvieSu augos neviena varianta nesasniedza optimalo.

Diagnostikas varianta katram izméginajumu variantam slapekla norma
tika precizéta péc augu nodroSindjuma ar slapekli ceroSanas fazes beigas ar
nitratu satura ekspresdiagnostikas metodi augu stiebros. Vidgja slapekla
méslojuma norma $aja varianta bija 77 kg ha™ (3. att.). Lietojot $adu slapekla
méslojumu tika iegiitas vidgji 3.57 t ha” vasaras kvie$u graudu, kas bija tikai
par 0.01 t ha” mazak neka varianta ar 100 kg ha™ lielu slapekla normu, pie tam
ietaupitais slapek]a méslojums bija 23 kg ha™ tirvielas.

Variantos ar slapekla méslojumu 50 un 100 kg ha” N un diagnostikas
variantd veldres praktiski nebija (vidgji 9 balles), bet varianta ar 150 kg ha™
lielu slapekla méslojumu veldre bija tikai no 9 lidz 7 ballem. Vasaras kviesu
lielaka veldre novérota péc zalaugiem malsmilts augsné 250 kg ha™ N slapekla
méslojuma varianta, kur vidgji trijos gados veldre sasniedza 4 balles. Bet mazak
vasaras kviesi veldr&jas péc graudaugiem, maksimumu — 6 balles sasniedzot
smilmala augsné pie 250 kg ha' N slapekla méslojuma. Vasaras kviesu
veldrésanas izméginajumos tika konstatéta galvenokart augu piengatavibas faze
pec stipra lietus un brazmaina vgja.

Triju gadu laika varianta bez slapekla méslojuma malsmilts augsné iegiits
vid&ji par 0.27 t ha” graudu vairak ka smil¥mala augsn@. Lietojot pieaugo3as
slapekla méslojuma normas, kvieSu graudu razas malsmilts augsné bija butiski
augstakas visos slapekla meslojuma variantos. Pie tam slapekla méslojuma
variantos ar 50 kg ha” un 100 kg ha™ N lielam m&slojuma normam starpiba
starp malsmilts un smilSmala augsnés ieglitajam graudu razam vél vairak
pieauga, attiecigi malsmilts augsné iegiits par 0.4 t ha” un 0.38 t ha™ vairak
graudu neka smilSmala augsné (RS s=0.152 t ha’l).

Atsevisku priekSaugu ietekme uz vasaras kvieSu razu uzskatamak bija
novértéjama varianta bez slapek]a méslojuma (2. tab.). Saja varianta visvairak —
3.15 t ha graudu vidgji abas augsnés iegits pec kartupeliem, kur graudu raza
bija par 0.45 t ha lielaka neka p&c zalaugiem un par 0.70 t ha™' lielaka neka
péc graudaugiem. Varianta bez slapekla méslojuma priekSaugs zalaugi bija
labaks par graudaugiem, kur vidgji abas augsnés péc graudaugiem veidojas par
0.25 tha'l graudu mazak, un ta bija bitiska atskiriba pie RS os=0.216 t ha™.
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Variantos bez slapekla méslojuma labakais vasaras kvieSu priekSaugs
izradijas kartupeli, novirzot otraja vieta zalaugus, bet atkartota graudaugu
audzesana deva mazako razu (4. att.).

2. tabula/Table 2

Vasaras kvieSu graudu raZas, vidéji 1999. — 2001. gada, t ha™
The yield of spring wheat, in average, 1999 — 2001, t ha™

Slapekla |Pé&c zalaugiem/ After| P&c graudaugiem/ P&c kartupeliem/
méslojums)/| grasses After cereals After potatoes e
) Vidgji/
Nitrogen mS/ sand mS/ sand mS/ sand Average
fertilizer, Y| sM/ loam Y| sM/ loam Y] sM/ loam &
ke ha'! loam loam loam
NO 2.63 2.76 2.67 2.23 3.40 291 2.77
N 50 3.07 3.04 3.48 291 4.10 3.51 3.35
N 100 3.14 3.11 3.92 3.27 4.25 3.78 3.58
N 150 3.04 3.28 4.04 3.13 422 3.90 3.60
N 200 2.90 3.15 3.85 3.21 3.94 3.40 3.41
N 250 2.88 2.90 3.83 3.22 3.85 3.28 3.33
N diag. 3.14 3.31 3.78 3.27 4.14 3.78 3.57
Vidgi/ ) g7 3.08 3.65 3.04 3.99 351 | 3.37
Average

Starp priekSaugiem zilaugi un graudaugi RSos= 0.216 t ha”, starp kartupeliem un graudaugiem,
starp zalaugiem un kartupeliem RS 5= 0.226 t ha'', atsev. starp. RS 05=0.54 t ha''.

Between precrop grasses and cereals LSDy 5= 0.216 t ha', between precrop potatoes and cereals,
between grasses and potatoes LSDy 5= 0.226 t ha', separately diff- LSDy 5= 0.54 t ha'.

Savukart visos variantos ar slapekla mé&slojumu, augstakas razas tika
iegiitas audzgjot vasaras kvieSus p&c kartupeliem, bet otraja vieta izvirzijas
varianti ar priekSaugu — graudaugi, atstajot pedgja vieta zalaugus. PrickSauga —
zalaugi salidzino$i vajo efektivitati izméginajumos var izskaidrot ar to, ka
dodot picaugosas slapekla meslojuma normas, relativi ziid zalaugu uzkrata
slapekla nozime.

Analizgjot vasaras kvieSu graudu razas izmainas slapekla meslojuma
ietekmé atseviSki malsmilts (mS) un smilSmala (sM) augsné péc katra
priekSauga ar linearas regresijas palidzibu, tika noteikts iepriekSminéto faktoru
nozime maksimalas graudu razas sasniegSana.
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4. att. Vasaras kviesu raza priekSaugu ietekmg, t ha™ (vid. 1999. — 2001. g.).
Fig. 4 The yield of spring wheat after different pre-crops,
in average, 1999 — 2001.

Malsmilts augsné péc zalaugiem palielinot slapekla méslojumu par
10 kg ha™' N graudu razas pieaugums bija 0.51 t ha™', by,=0.0051 t ha™ (5. att.).
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5. att. Linearas sakaribas vasaras kvie$u graudu raza péc zalaugiem
vid. 1999.- 2001. gados, t ha™' .
Fig. 5 The linear regression of spring wheat yield after grasses,
in average, 1999.- 2001. t ha™'.
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Graudu razas picauguma liizuma punkts malsmilts augsné noteikts pie
88 kg ha' N slapek]a méslojuma, sasniedzot maksimalo graudu razu 3.14 t ha™.
Smil§mala augsné vasaras kvieSu graudu razas piecauguma lizuma punkts
konstatts pie 151 kg ha” N slapek]a méslojuma (3.30 t ha™), p&éc kura sekoja
strauj$ graudu raZas samazinajums by= -0.0038 t ha''. Lielaks mala dalinu
saturs augsné zalaugu priekSauga ietekmé nodrosinaja iespgju iegiit vairak
graudu un izmantot vairak slapekla m&slojuma (5. att.).

Analogi aprekini paradija, ka priekSaugs graudaugi un malsmilts augsne,
mijiedarbojoties ar slapekla méslojuma normu lidz 150 kg ha' veidoja
nosacijumus vasaras kvieSu razas pieaugumam lidzigi ka smilSmala augsne
mijiedarbojoties ar priekSaugu graudaugi un slapekla méslojuma normu lidz
100 kg ha' N. Vasaras kvie$u graudu raZas pieauguma lizuma punkts
malsmilts augsné konstatéts pie 135 kg ha” N liela slapekla méslojuma, bet
smil§mala augsn@ graudu raza saka samazinaties jau pie 96 kg ha™ N.

Smil§mala augsne graudaugu ka priekSauga ietekmé samazinaja
maksimalo vasaras kviesu graudu razu, ka arT samazinaja slapekla méslojuma
patérinu.

PriekSaugs kartupeli un slapekla méslojuma norma Iidz 100 kg ha' N
mijiedarbojoties ar malsmilts augsni palielinaja vasaras kviesu razu straujak
neka priekSaugam — kartupeli savstarp&ji iedarbojoties ar smilSmala augsni.
Smil§mala augsnes un kartupelu ka priekSauga mijiedarbibas rezultata vasaras
kvieSu raza palielindjas Iidz 150 kg ha” slapekla méslojuma normai. Tadu
linearas regresijas taiSnu analizes rezultati rada, ka graudu raZas piecauguma
lizuma punkts malsmilts augsné konstatéts pie 99 kg ha' N liela slapekla
méslojuma, bet smil§mala augsné graudu raza saka samazinaties pie 145 kg ha™!
N. Smilsmala augsne kartupelu ka priekSauga ietekmé samazinaja maksimalo
vasaras kvieSu graudu razu ar lielaku slapekla meslojuma patéripu neka
malsmilts augsné.

Slapekla meslojumam ka graudu razu limit€josam faktoram mazaka
nozime ir, audzgjot kvieSus pec zalaugiem, bet lielaka — audzgjot tos péc
kartupeliem vai graudaugiem.

Aprekinatas ekonomiski optimalas slapekla méslojuma normas

Péc izméginajumos ieghtajam graudu razam tika sastaditi polinoma
regresijas vienadojumi, ar kuru palidzibu izrékinatas ekonomiski optimalas
slapekla méslojuma normas.

Dazadu priekSaugu un augsnes granulometriska sastava ietekmé
aprekinata optimala slapekla méslojuma norma triju gadu lauka izméginajumos
svarstijas robezas no 61 lidz 136 kg ha' N. Sadas svarstibas var bitiski
ietekmét ne tikai ekonomisko, bet arT ekologisko situaciju praktiski jebkura
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saimnieciba. Nevajadzigi lietoti 75 kg ha” N slapek]a var bitiski negativi
mainit apkartgjas vides dabigo slapekla bilanci.

Lielaka graudu raza aprékinata optimala slapekla méslojuma 92 kg ha N
fona iegiita, audz&jot kviesus pec kartupeliem — vidgji 4.01 t ha™.

Vairak slapekla méslojuma (vidgji 133 kg ha' N abas augsnés) vasaras
kvieSu optimalas graudu razas (vidgji 3.63 t ha') sasniegdanai tika patéréts
varianta péc graudaugiem.

Vasaras kvieSiem vismazak slapekla méslojums bija nepiecieSams zalaugu
priekSauga varianta, kad optimalais slapekla méslojums vid&ji divas augsnés
tris gadu laika bija 68 kg ha' N, kura ietekmé veidojas 3.10 t ha™ graudu.

Vertgjot iegiitos bruto ien@mumus, var teikt, ka vasaras kviesu audz€Sanai
ekonomiski izdevigakais priekSaugs bija kartupeli, kur bruto iep€mumi
sastadija vidgji 561 Ls ha' (3. tab.). Mazaks ekonomiskais ieguvums no
vasaras kvieSu audz&Sanas konstatéts variantos, kur par priekSaugiem bija
graudaugi vai zalaugi.

3. tabula/ Table 3
Vasaras kvieSu audzésanas optimalie raditaji
daZados audzesanas apstaklos
Optimal parameters of spring wheat cultivation under different conditions

. _ . . Brutto
Raza pie/| lep€mumi Izdevumi cendmumi/
PriekSaugs/ . Nopt» | Yield at |pie/ Incomes slapeklim/ i
Augsne/ Soil P Income
Pre-crop kg ha Nopt.» at Expenses of
-1 -1 . -1 brutto,
tha” |Ngy, Ls ha” |nitrogen, Ls ha Ls hal
. |mS/ sandy loam| 136 4.02 603 60 543
Oraudasel/l ™ M/ oam | 130 | 3.04 486 57 429
vidgji/ average | 133 3.63 544 59 495
Kartuneli/ m$S/ sandy loam| 80 425 637 35 602
Potat%e,s sM/ loam 104 3.77 565 46 529
vidgji/ average | 92 4.01 601 40 561
Zalaugi/ m$S/ sandy loam| 61 3.12 468 27 439
Grasfi sM/ loam 75 3.08 462 33 429
vid&ji/ average | 68 3.10 465 30 435
Vidgji/ |mS/sandy loam| 92 3.80 569 41 528
Average sM/ loam 103 3.36 504 45 462

Variantos, kur kviesi tika audzeti péc kartupeliem, izdevumi par slapekla
méslojumu bija vidgji 40 Ls ha”', kas ir par 19 Ls ha' mazak neka vasaras
kvieSus audzgjot péc graudaugiem, tacu par 20 Ls vairak neka audzgjot péc
zalaugiem.
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Slapekla méslojuma aprékinata optimala norma vidéji malsmilts augsné —
92 kg ha' N, apvienojot priekSaugu variantus, bija batiski mazaka (par
11 kgha™ N) neka smil§mala augsné aprékinata slapekla méslojuma norma —

103 kg ha' N. Augsnes granulometriskais sastavs biitiski ietekmgja graudu
razu (3. tab.).

Pieméram, vasaras kvieSiem pé&c kartupeliem malsmilts augsné pie
optimala slapekla m&slojuma 80 kg ha™ N iegiits 4.25 t ha” graudu, slapekla
méslojumam izlietojot 35 Ls ha”, bet kviesiem p&c kartupeliem smil§mala
augsné ekonomiski optimala slapekla méslojuma norma sastadija 104 kg ha™ N
un tika iegiits 3.77 t ha” graudu ar kop&jiem izdevumiem slapekla méslojumam
46 Ls ha. P&c viena un ta paSa priekSauga graudu raZas starpiba sasniedza
0.48 t ha™', slapekla méslojums at3kiras par 24 kg ha™ N un izdevumi slapek]a
méslojumam — par 11 Ls ha™, pie slapekla cenas 0.44 Ls kg™ N (3. tab.).

legiita slapekla méslojuma ekonomiski optimala vertiba ir relativs skaitlis,
kas ir atkarigs no vasaras kvieSu méslosanas izmaksam un graudu iepirkuma
cenas. Jo augstaka bis slapekla méslojuma cena, jo zemaka biis ekonomiski
izdevigaka slapekla méslojuma norma.

Aprekinatas optimalas slapekla meslojuma normas paradija, ka vasaras
kvieSiem slapekla meslojuma normu ir nepiecieSams diferencét pec priekSauga
un pec augsnes granulometriska sastava, jo optimala slapekla norma péc
graudaugiem bija 133 kg ha™ N, p&c kartupeliem — 92 kg ha™', p&c zalaugiem —
68 kg ha”' N, bet smilimala augsné bija 103 kg ha’ N un malsmilts augsng —
92 kg ha' N, ka ari, pieméram, varianta p&c kartupeliem malsmilts augsné
optimala slapekla norma bija 80 kg ha™ N, bet smil§mala — 104 kg ha™ N.

Vasaras kviesu graudu kvalitate

Lielaka ietekme uz graudu kvalitati izméginajumos bija slapekla
méslojumam. Vasaras kvieSu tikstots graudu masu mazakas slapekla
méslojuma normas (50 un 100 kg ha™' N) salidzinjuma ar variantu bez slapekla
méslojuma (kontroli) butiski nemainija, bet, palielinot slapekla m&slojumu no
150 Iidz 250 kg ha' N, tiikstots graudu masa biitiski samazinajas. Vertgjot
priekSaugu ietekmi, jaatzist, ka smilSmala augsné rupjakie graudi ieglti péc
zalaugiem, iestradajot 100 kg ha”’ N slapekla, bet malsmilts augsné pec
graudaugiem, iestraddjot 50 un 100 kg ha™ N lielas slapekla normas.

Lipekla saturs graudos izméginajumu variantos svarstijas vidéji no 23.0 %
lidz 31.9 %. Nozimiga ietekme uz lipekla daudzumu kvie$u graudos konstatéta
slapekla méslojumam (P,,s= 0.00034<0.05 un Py,= 0.00005<0.05).

Malsmilts augsné 50 kg ha™ N liels slapekla méslojums bitiski (vid&ji par
1.4 %), palielinaja lipekla saturu graudos salidzinajuma ar kontroli. Bitisks
lipekla satura pieaugums tika noverots ar, palielinot slapekla m&slojuma normu
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no 50 lidz 100 kg ha™ N, kad lipekla saturs vasaras kvie§u graudos picauga
vidgji no 26.4 1idz 28.0 %, jeb par 1.6 % (RSq 5= 1.32 %).

SmilSmala augsng, salidzinajuma ar kontroli, bitisks lipekla satura
pieaugums par 2.1 % novérots iestradajot 100 kg ha” N slapek]a mé&slojuma.
Palielinot slapekla méslojuma normu lidz 150 un 200 kg ha™ N, lipekla saturs
vid&ji pieauga par 2.0 %, kas bija butiski (RSgs= 1.36 %).

Izméginajumu rezultati rada, ka vairuma gadijumu, lai, audz&jot kvieSus
péc zalaugiem vai kartupeliem, ieglitu graudus ar lipekla saturu virs 28 %,
vasaras kvieSiem malsmilts augsné jadod vismaz 100 kg ha’ N slapekla
méslojums. Smil§mala augsné 100 kg ha™ N liels slapekla m&slojums izradijas
pietiekoSs augstvertigako graudu ieguvei tikai pec zalaugiem, bet, audzgjot tos
péc graudaugiem vai kartupeliem, augstvértigu graudu ieguvei slapekla
méslojuma normai jabat vismaz 150 kg ha’ N. Savukart malsmilts augsné
atkartotos vasaras kvieSu s€jumos 28 % lipekla satura sasniegSanai jaiestrada
vismaz 200 kg ha™' N slapek]a.

Izm@ginajumu variantos kriSanas skaitlis svarstijas robezas vidgji no 151
lidz 334 s. Malsmilts augsné audz@tajiem vasaras kvieSiem kriSanas skaitlis
vidgji bija mazaks — no 151 Iidz 272 s, bet, audzgjot vasaras kvieSus smilSmala
augsné, tas sasniedza 195 — 334 s. Slapekla méslojums un ta normas
palielinaSana malsmilts augsn€ vasaras kvieSu kriSanas skaitli bitiski
neietekmgéja.

4. tabula/ Table 4
Regresijas vienadojumi kopproteina saturam graudos
pie aprekinata opimala N meéslojuma
Regression equations of crude protein content in spring wheat at calculated
optimal N fertilizer rate

Regresijas Raza pie/ Kopproteins
PriekSaugs/| Augsne/ eeresy “ap Nopt.» pie/ Crude
. vienadojums/ Yield at 1 .

Precrop Soil . . 1| kgha protein at

Regression equation [N, t ha o
Nupta A)

Graudaugi/ mSl/O :i?dy y=0011x+ 1113 | 4.02 136 12.63
Cereals 1=/ loam | y=0.012x 1 12.66 | 324 130 14.22
Kartupeli/ msli) Z’:‘r‘l’dy y=0.014x+1035 | 425 80 11.47
Potatoes | 0 loam | y=0014x+ 1128 | 377 104 12.74
Zalaugi/ mSl/O :i?dy y=0013x+11.70 | 3.12 61 12.49
Grass I~ M/ loam | y=0013x+ 1240 | 3.08 75 1337
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Varianta bez slapek]a méslojuma kopproteina saturs graudos bija 11.4 %.
Slapekla méslojuma normas 50 kg ha’ N ietekm@& proteina saturs graudos
palielinajas lidz 12.3 %. Slapekla norma 100 kg ha” N nodroingja lielako
kopproteina pieaugumu — vidgji par 0.8 — 0.9 %. Talaka slapek]a méslojuma
normas palielinagana no 100 kg ha’ N uz 150, 200 un 250 kg ha’ N gan
nodroginaja lielaku kopproteina saturu graudos — 14.7 % (250 kg ha™' N), tacu
proteina satura pieaugums no atseviskam lielajam normam nebija tik liels ka no
mazajam slapekla méslojuma normam — vidgji tikai 0.4 — 0.6 %. [zm&ginajumu
rezultati rada, ka partikas kvalitates prasibam atbilstoSu graudu izaudzeéSanai
pamata pietika ar 50 — 100 kg ha™ N lielu slapekla m&slojumu.

Kopproteina saturu graudos vairak ietekmé&ja dazadi priekSaugi.
Savstarpgji salidzinot kopproteina satura raditajus dazadas augsnés, konstatéts,
ka augsnes granulometriskais sastavs tos ietekméja tikai variantos bez slapekla
méslojuma. Smil§mala augsné kopproteina saturs graudos bija vidéji par 0.8 —
1.3 % augstaks neka malsmilts augsné..

Lai noteiktu partikas graudu kvalitates prasibam atbilstosa kopproteina
satura sasniegSanai nepiecieSamo slapekla meslojumu, ar linearas regresijas
vienadojumu palidzibu (4. tab.) tika aprakstitas koproteina satura izmainas
slapekla méslojuma ietekmé visos izméginajumu aug$pu un priekSaugu
variantos. [zvert€jot vasaras kvieSu aprékinato ekonomiski optimalo slapekla
méslojuma normu un graudu razu, konstatéts, ka kopproteina saturs nav
ierobezojosais raditajs partikas kviesu kvalitatei atbilstosu graudu ieguvei.

Slapekla efektivitate un bilance

Lai noteiktu slapekla méslojuma efektivitati, tika rékinata slapekla iznese.
Lielako ietekmi uz slapekla iznesi atstaja slapekla mineralméslu lietoSana.
Kontroles varianta (bez slapekla méslojuma) slapekla iznese ar vasaras kviesu
graudiem un salmiem bija mazaka — tikai 53 kg ha” N. Lielakais slapekla
izneses picaugums, lietojot slapekla mineralméslus, konstat€ts mazakas
slapekla m@slojuma normas — 50 kg ha” N varianta, kad iznese pieauga no
53 kg ha Iidz 72 kg ha™ N un tas bija biitiski vairak (RSysy= 5.6 kg ha™ N).
Iestradajot slapekla mé&slojuma normas 100 un 150 kg ha™ N, slapekla iznese ar
razu pieauga attiecigi 1idz 83 un 92 kg ha™' N, kas bija biitisks pieaugums pie
kritiskds robeZstarpibas RS osn= 5.6 kg ha™ N. Palielinot slapek]a méslojuma
normu Iidz 200 un 250 kg ha™' N, izneses pieaugums vairak nebija bitisks, kas
liecina par to, ka slapekla mineralmésli netika izmantoti paredz&tiem
mérkiem — graudu razas un kvalitates nodrosinasanai.

Analizgjot slapekla izneses ar graudiem un salmiem, tika noskaidrota
iestradata slapekla izmantoSanas. Minerala slapekla méslojuma izmantoSanas
veido prieksstatu par lietoto mineralméslu efektivitati.
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Viegla granulometriska sastava — malsmilts augsng€ vasaras kvieSos
slapekla méslojuma izmantoSanas svarstijas robezas no 17 lidz 51 %.
Mineralmeslu slapekla lietderiba praktiski visos variantos samazinajas Iidz ar
méslojuma normas palielinaSanu. Izp€mums bija variants péc zalaugiem, kura
ietekmé slapek]a méslojuma normas 50 un 100 kg ha” variantos slapekla
izmantosanas koeficienti bija vienadi, sasniedzot 32 %. Slapekla meslojuma
lielaka lietderiba konstatSta laucinos péc graudaugiem, kuros vasaras kviesi
razas veidoSanai pater&ja videji 51 % no ar mineralmésliem iedota slapekla.

Smil$mala augsné vasaras kvieSos slapekla méslojuma izmantoSanas
svarstfjas robezas no 13 Iidz 64 %. Lidzigi ka malsmilts augsné, arT smilSmala
vasaras kvieSi mineralméslu slapekli izmantoja labak laucinos péc
graudaugiem, atkariba no meéslojuma normas svarstoties no 19 lidz 64 %.
Slapekla méslojuma izmantoSanas, palielinoties slapekla méslojuma normai,
pakapeniski samazinajas, iznemot vasaras kvieSos, kas tika audzEti péc
kartupeliem, kad slapekla méslojuma normas 50 kg ha’ N palielinasanas
rezultata uz 100 kg ha™ vai 150 kg ha™' N slapek]a izmanto$anas nemainijas.

Mineralméslu slapekla izmantos$anas ir cieSi saistita ar slapekla bilanci
vasaras kviesu laucinos (6. un 7. att.). Bilance raksturo ienestas slapekla masas
(ienesa) un ar razu no lauka novaktas slapekla masas (iznesa) starpibu. Slapekla
bilanci var uzskatit par nosacitu raditaju, jo to ietekme ar1 slapekla krajumi
augsng, augsnes mikrobiologiski procesi un laukaugu audz&Sanas agrotehniskie
pasakumi.

Vasaras kviesi varianta bez slapekla méslojuma izmantoja slapekli no
augsnes rezervem, tadejadi slapekla bilance bija negativa.
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6. att. Slapek]a bilance malsmilts augsné, N kg ha™.
Fig. 6 Balance of nitrogen in sandy loam soil, N kg ha™'.
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Varianta bez slapekla méslojuma slapeklis vairak bija pieejams péc
zalaugiem, tapéc arl negativa slapekla bilance $aja priekSauga varianta bija
lielaka: -65 kg ha' N (6. att.). Mazdka vasaras kvieSu raza, lidz ar to tai
sekojosa mazaka slapekla N iznese malsmilts augsné péc graudaugiem veidoja
mazak negativu bilanci varianta bez slapek]a mineralméslu iestrades -47 kg ha™
(6. att.). Malsmilts augsng, lietojot nelielu slapekla méslojumu — 50 kg ha™ N,
joprojam saglabajas negativa slapekla bilance visos priekSaugu variantos un
bija robezas no -20 lidz -28 kg N ha™. Tikai lietojot 100 kg ha™ N un vairak
slapekla méslojumu, tika noverota pozitiva slapekla bilance.

Smil§mala augsné slapekla bilance vasaras kvieSu s€umos mainijas
lidzigi ka malsmilts augsné. P&c zalaugiem bija lielaka negativa slapekla
bilance: - 63 kg ha' N varianta bez slapekla méslojuma un -29 kg ha' N
varianta ar slapekla méslojumu 50 kg ha’ N (7. att.). Smilsmala augsné
graudaugu priekSauga ietekmé veidojas mazaka negativa bilance: varianta bez
slapekla mineralméslu iestrades - 31 kg ha™ N un ari 50 kg ha™ N liela slapek]a
méslojuma ietekmé ta bija tikai -11 kg ha™ N. Iestradajot 100 kg ha” N un
lielaku slapekla méslojumu, smilSmala augsné tapat ka malsmilts augsne
slapekla bilance bija pozitiva (7. att.).
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7. att. Slapek]a bilance smil§mala augsng, N kg ha™.
Fig. 7 Balance of nitrogen in loamy soil, N kg ha™.

Lietojot slapekla m@slojumu ar normu no 150 lidz 250 kg ha™ N, razas
veidoSanai netiek izmantota 1/3 Iidz 3/5 no iestradata mineralméslu slapekla,
attiecigi palielinot piesarnojuma risku, kas rodas lauksaimnieciskas darbibas
rezultata.

Ar otras pakapes polinoma regresijas vienadojuma palidzibu tika noteikta
iespgjama slapekla bilance pie teorétiski izrékinatd ekonomiski optimala
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slapekla méslojuma. P&éc graudaugiem slapekla bilance bija nedaudz pozitiva
abas pétitajas augsnés, smil§mala augsné veidojoties 22 kg ha™ N un malsmilts
augsné 19 kg ha” N. Lietojot optimalu slapekla méslojuma normu variantos
péc kartupeliem, malsmilts augsné veidojas viegli negativa -4kg ha' N
slapekla bilance. Savukart smil§mala augsné slapekla bilance bija stabili
pozitiva, sastadot 25 kg ha™ N (8. att.).

Zalaugu ietekme abas augsnes prognoz€jama negativa slapekla bilance,
kas malsmilts augsné bija nedaudz mazaka -20 kg ha™' N un smilimala augsngé
nedaudz lielaka, sastadot -31 kg ha™ N (8. att.).
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8. att. Slapekla N bilance augsné pie optimala slapek]a méslojuma, N kg ha™.
Fig. 8 Balance of N in soil at optimal rate of nitrogen fertilizers, N kg ha’".

Lietojot ekonomiski optimalo slapekla méslojumu, dazadu priekSaugu un
augsnu variantos vidgji tika iegita slapek]a bilance tuvu nullei: 2 kg ha™ N, kas
praktiski nodroSina ar razu iznesto slapekla daudzumu.

Slapekla méslojuma optimizacijas variantu izvertejums

Izm&ginajumos bez seSiem variantiem ar fiksétam slapekla méslojuma
normam, papildus tika ieklauts viens variants ar mainigu slapekla méslojuma
normu. Mainiga slapekla méslojuma norma bija atkariga no augu
nodros§inajuma ar slapekli, kas tika noteikts, diagnostic€jot nitratu saturu augu
stiebru apaksgja dala. Diagnostikas varianta pamatmerkis bija salidzinat divas
slapekla m&slojuma optimizacijas metodes: aprekinu metodi optimalas slapekla
méslojuma normas noteikSanai un nitratu diagnostikas ekspresmetodi ar
difenilaminu. Abas metodes tika salidzinatas nosakot nepiecieSama slapekla
méslojuma daudzumu, iegiitas graudu razas un slapekla bilanci augsné.
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Ar aprékinu metodi noteikta ekonomiski optimala slapekla méslojuma
norma (N opt.) praktiski visos izméginajumu variantos at$kiras no ar
ekspresmetodi noteikta nepiecieSsama slapekla daudzuma (N diag.).
Diagnostikas varianta vidgja slapekla méslojuma norma visos priekSaugu un
augsnu variantos bija 71 — 80 kg ha' N robezas, bet aprékinos iegiita
ekonomiski optimala slapekla méslojuma daudzums svarstijas daudz plasaka
diapazona: no 61 lidz 136 kg ha™ N (5. tab.). Variantos, kur vasaras kviesi tika
audzeti péc graudaugiem, ar difenilamina metodi diagnosticeta slapekla
méslojuma norma bija par 50 — 58 kg ha” N mazaka neka teordtiski izrékinatais
optimalais slapekla méslojums, bet graudu raza bija nedaudz mazaka (par
0.24 t ha™) tikai malsmilts augsn&. Par 28 kg ha™ N lielaks slapekla m&slojums
teorétiski izrékinats ari varianta, kur kvie$i audz&ti smilSmala augsné péc
kartupeliem, bet iegilitas graudu razas abos variantos bija praktiski vienadas.

5. tabula/ Table 5
Slapekla méslojuma optimizacijas variantu salidzinajums,
vid. 1999. - 2001. g.
Comparisson of different nitrogen fertilizer optimization methods,
in average, 1999 - 2001

. Prieksaugs/ N opt., N diag., Raza pie/ Yield | Raza pie/ Yield at
Augsne/ Soil Precrop kg ha’! kg ha’! at Ny, t ha Nuigg» t ha™

graudaugi/ 136 78 4.02 3.78
cereals

mS/ Sandy loam kartupeli/ 80 30 405 4.14

potatoes ) )

zalaugi/ grass 61 78 3.12 3.14

graudaugi/ 130 80 324 327
cereals

sM/Loam Kartupeli/ 104 76 3.77 3.78
potatoes

zalaugi/ grass 75 71 3.08 331

Vidgji/ Average 98 77 3.58 3.57

Savukart, audzgjot vasaras kvieSus péc zalaugiem, nitratu diagnostikas
varianta slapekla méslojums bija jalieto par 17 kg ha™ N vairak neka paredzgja
aprekinos iegiita ekonomiski optimala slapekla norma, pie kam graudu raza pie
ekonomiski optimala slapek]a méslojuma bija par 0.02 lidz 0.23 t ha mazaka.

Analizg€jot vidgjos rezultatus, kas iegiiti apvienojot visus priekSaugu un
augsnes variantus, izradijas, ka nitratu diagnostikas celd noteikta vidgja
slapekla méslojuma norma bija 77 kg ha” N un vidgja vasaras kvie$u graudu
raza sastadija 3.57 t ha”. Apréekinata ekonomiski optimalas slapekla méslojuma
norma bija 98 kg ha™ N un vidéja iegiita graudu raza bija 3.58 t ha™.
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Izméginajumos parbaudito slapekla méslojuma optimizacijas metozu
lictoSanas rezultata tika iegiitas vienadas vid&jas graudu razas, bet nitratu
diagnostikas varianta bija nepiecieams lietot par 21 kg ha' N slapekla
méslojuma mazak neka aprekinata ekonomiska optimuma varianta.

Abam salidzinatajam slapekla méslojuma optimizacijas metodém slapekla
bilance vidgji bija tuvu neitralai -2 un 2 kg ha™ (9. att.). Tas nozimé, ka vidgji
visos izmégindjumu variantos abas salidzinatas metodes precizi nodro§inaja
nepiecieSamo slapekla daudzumu vasaras kvieSiem.

25 20
20 -
137 10
10 - 7
B 5 | . 2
2 0- —
2
Z 210 6 -8 2
-15 -
-20 -
-25 -
230 -25
péc graudaugiem/ péc kartupeliem/ péc zalaugiem/ vidgji/ average
after cereals after potatoes after grass
= Nopt. N diag.

9. att. Slapekla bilance dazadam slapekla optimizacijas metodém, kg ha™ N.
Fig. 9 Balance of nitrogen at different nitrogen optimization methods, kg ha™.

Salidzinot slapekla optimizacijas metodes atseviskos priekSaugu
variantos, redzams, ka slapekla bilance ievérojami atSkiras. Bilances novirzes
no nulles bija lielakas aprékinata optimala slapekla méslojuma variantos gan
pozitiva, gan negativa virziena (9. att.). Ar slapekla méslojuma diagnostikas
metodi noteikta slapekla méslojuma norma nodroSinaja nelielas slapekla
bilances svarstibas, un ta bija tuvu nullei.

Abas salidzinatas slapekl]a optimiz€Sanas metodes ir piemerotas
lietoSanai noteiktos apstaklos. Slapekla diagnostikas metode (ar difenilaminu)
lietojama slapekla méslojuma normas korigéSanai kvieSu vegetacijas laika uz
lauka, bet optimala meslojuma aprékinu metode ir izmantojama slapekla
méslojuma normativu izstradei, apkopojot daudzu sérijveida izméginajumu
rezultatus.
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10.

SECINAJUMI

Vasaras kvieSu priekSaugi butiski ietekmé slapekla daudzumu augsné:
lielako slapekla krajumu aramkarta atstaj zalaugi, vidgji 47 kg ha' N
20 cm slani, bet mazako — graudaugi: vidji 40 kg ha” N 20 cm slani.

Smil§mala augsné slapekla krajums aramkarta ir vidgji par 17 kg ha' N
lielaks neka malsmilts augsné.

Lietojot palielinatas slapekla meslojuma normas, minerala slapekla saturs
smilSmala augsné pieaug galvenokart aramkarta (0 — 20 cm), bet malsmilts
augsné tas palielinas ar1 dzilakajos slagos (lidz 60 cm), kas liecina par
slapekla piesarnojuma bistamibu vieglaka granulometriska sastava
augsnes.

Vidgji trijos gados slapekla m&slojuma normas 50, 100 un 150 kg ha' N
palielina graudu razu salidzinajuma ar variantu bez slapekla meslojuma -
attiecigi par 0.58, 0.81 0.83 t ha’ graudu, bet taldka slapekla normas
palielinasana neizraisija biitisku graudu razas pieaugumu.

Vasaras kvieSu razas lielumu ietekmé priekSaugs: lielaka graudu raza
iegiita, audzgjot tos péc kartupeliem — par 0.4 — 0.7 t ha" vairak neka
audzgjot kviesus péc graudaugiem un zalaugiem.

Vasaras kvieSu audz€Sanai piemérotaka izradijas malsmilts augsne, kur
iegiita par 0.27 — 0.40 t ha™' lielaka graudu raza neka smilimala augsné.

KopproteTna un lipekla saturs palielinas Iidz ar slapekla meslojuma normas
pieaugumu, bet tiikstots graudu masa un graudu tilpummasa samazinas.
KriSanas skaitli malsmilts augsné slapekla m&slojums biitiski neietekme.

Aprekinato ekonomiski optimalo slapekla méslojuma normu ietekmé gan
prieksaugi, gan augsnes granulometriskais sastavs: malsmilts augsné p&c
graudaugiem ta ir 136 kg ha™ N, péc kartupeliem — 80 kg ha! N un péc
zalaugiem 61 kg ha’ N, savukart smildmala augsné optimala slapekla
méslojuma norma pé&c graudaugiem ir 130 kg ha”’ N, p&c kartupeliem —
104kg ha' N un péc zalaugiem pietick 75 kg ha’ N slapekla, kas
nodrosina kvalitativu graudu razas ieguvi.

Lietojot aprékinato ekonomiski optimalo slapekla méslojumu, dazadu
priekSaugu un aug$nu variantos vidgji tika iegtita pozitiva slapekla bilance:
2 kg ha' N, bet, izmantojot slapekla diagnostikas metodi, tika iegiita
negativa slapekla bilance: -2 kg ha™ N, kas praktiski nodrogindja ar razu
iznesto slapekla daudzumu.

Optimizgjot slapekla meslojumu, janem véra priekSaugu un augsnes
granulometriska sastava ietekme, jo ta biitiski maina vasaras kviesu
nodroSinajumu ar slapekli un graudu razas Iimeni.
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11. Abas salidzinatas slapekla optimizéSanas metodes ir piemé&rotas lictosanai
noteiktos apstaklos. Slapekla diagnostikas metode (ar difenilaminu)
lietojama slapekla méslojuma normas korigéSanai kviesu vegetacijas laika
uz lauka, bet optimala méslojuma aprékinu metode ir izmantojama slapekla
méslojuma normativu izstradei, apkopojot daudzu s€rijveida izméginajumu
rezultatus.
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INTRODUCTION

Nitrogen fertilizer optimization is a complex process, because it is
influenced by many biotic and abiotic factors. Nitrogen fertilizer optimization
schemes, elaborated in other countries, are not perfectly applicable due to
different agroclimatic conditions in Latvia, and they must be checked and
adjusted. Farmers are interested in assessment schemes for nitrogen rate that
have a high level of credibility, are simple and whose use could ensure the
following:
rational use of nitrogen fertilizer;
maximum economically profitable yield;
yield quality;

e minimal risk for environment.

The arable land in Latvia has a big variety of soil features. It has been
originated both during soil formation, and as a result of antropogenic influence.
As a rule, part of farmers for fertilization of field crops use one fertilizer rate
for the whole field, therefore, for economical and ecological reasons this should
be prevented. Most frequently nitrogen fertilizer rates are determined on the
basis of average field crop productivity of the farm, hence it is clear that either
in apart of fields the potential of crop yield is not completely used because the
ferlilizer rates applied are unsufficient, or overapplication of nitrogen fertilizer
causes waste pollution. Therefore, differential fertilization of crop fields in
future will have a great significance.

Assessment of nitrogen fertilizer application rates is more complicated
problem than it may seem at the first sight, and rises a range of obscure
questions when is dealt closer. Optimal nitrogen fertilizer rate has to be
developed through several interconnected and variable processes. Especially it
refers to such nitrogen-sensitive crop as spring wheat.

Before we began to carry out our researches on this matter, mostly an
optimal nitrogen fertilizer rate in Latvia, was determined by considering
amount of nitrogen taken out by the planned yield, organic matter content
within the soil, the used organic manure, and other factors.'

In the EU countries, apply precisely elaborated nitrogen fertilizer rate
norms considering the crop field growing conditions for several years now. In
Latvia differentiation of nitrogen fertilizer rates considering pre-crops and
grading composition of soil is a topical issue. Within former researches there
was not paid sufficient attention to calculation of optimal nitrogen rate
considering pre-crop and grading composition of soil. Topicality of the problem
has been confirmed also by publications pointing out that within sandy loam
soil and loam soil, especially if they are well cultivated and under identic
conditions (pre-crop, use of organic manure etc.), mineral nitrogen store within

' Labas lauksaimniecibas prakses nosacijumi (1999). Atb. par izd. P. BuSmanis Latvija. Latvijas
Lauksaimniecibas Universitate. Jelgava: SIA “Jelgavas tipografija”, 103 Ipp.



the soil usually is remarkably higher than within sand soil and sandy loam soil.

Therefore, to ensure similar level crop yields, heavy texture soils require less

nitrogen fertilizer than light soils.>

Up to this time this issue in Latvia was not studied using integrated

approach. Researches were carried out to determine impact of fertilizing and

spring wheat sowing rates and varieties’; or pre-crop and texture of soil*, or
level of fertilizing and cultivation of soil’ on crop productivity and/or crop
quality. In many countries calculation of optimal nitrogen fertilizer application
rates are performed by variable application rate control softwere. Determination
of differential nitrogen fertilizer application rates considering various
environmental factors present in Latvia becomes more and more a topical issue.

Considering all this, there was formulated research hypothesis: optimal

nitrogen rate for spring wheat depends on pre-crop, grading composition of

soil, and their interaction.

Aim of the research was to update the calculation of optimal nitrogen fertilizer
rate for spring wheat considering pre-crop and grading composition
of soil.

Objectives of the research:

1. to investigate the impact of increasing rate nitrogen fertilizer
application on the grain yield depending on pre-crop and grading
composition of soil, as well as considering content of nitrogen
combinations both in plants and soil during plant growth;

2. to work out the optimal nitrogen mineral fertilizer rate during the field
tests, and assess the nitrogen optimization methods for spring wheat
considering pre-crop and grading composition of soil;

3. to interpret the changes in grain quality of spring wheat considering
nitrogen fertilizer rate, pre-crop, and grading composition of soil.

Novelty of the research.

1. Effectiveness of interaction accross nitrogen fertilizer, pre-crop, and
grading composition of soil within spring wheat sowings was
clarified.

2. Optimal nitrogen fertilizer rate for spring wheat after potatoes, grasses
and cereals, in sandy loam and loamy soil, was determined by

% Timbare R., BuSmanis M. (2000) Minerala slapekla saturs augsné 2000. gada pavasari. Raziba,
Nr. 7, Ipp. 24. - 25.
3 Sivips O., Pogulis A. (1996) Vasaras kviesu $kirnu razas forméSana atkariba no N méslojuma un
izs€jas normas. No: Zinatniskas konferences (7. un 8. februari 1996. gada) raksti. LLMZA, LLU
Lauksaimniecibas fakultate, LLU. Jelgava, 104. Ipp.
4 Lejina B. (1965) Dazadu ziemaju priekSaugu efektivitate velénu podzolétas smil§mala un
malsmilts augsnés. Augsne un raza. Latvijas Zemkopibas zinatniskas pétniecibas institiita
zinatnisko rakstu krajums. XIII. Riga, 29. — 41. Ipp.
5 Anspoks P. (1979) Meéslojums un razas kvalitate. Riga: Liesma. 195 Ipp.
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applying two different methods, as well as the assessment of these
methods was worked out.

3. Impact of nitrogen fertilizer, pre-crops and granulometric content of
the soil on spring wheat yield and its quality indicators was sized up,
and complex interaction between above mentioned factors was
clarified.

Aprobation of obtained results and practical use.

Findings of the research have been reported at 12 conferences and
seminars, int. al., 6 of international importance. The main findings have been
summarized in 6 scientific publications. Results of the work have been
popularised at 3 exhibitions.

The trial results have been used during “Rural Days” of the Institute of
Agriculture, during a broadcasting program for people living in country
(“Lauku laudim”), on TV, for the training of the Latvia University of
Agriculture students, and also in informative materials of the Latvian Rural
Advisory and Training Centre (LLKC).

Findings have been used for elaboration of fertilizer application rate
normsfor application of fertilizers in Latvia. Results obtained in the framework
of the present doctoral thesis have been used at the mutual Latvian-Danish
project “Improvement of the standards regarding mineral fertilizers and manure
application in Latvia” (“Mineralméslu un kiitsméslu normativu uzlaboSana
Latvija”), as the result of which, the “Standard for the application of fertilizers
and manure in Latvia” was published in 2002.

By the Agrochemical Research Centre the field trial data basis, containing
findings of doctoral thesis, has been established as well. Information of data
basis is used to improve norms regarding application of nitrogen fertilizer with
aim to increase product competitiveness, and reduce pollution of environment
with nitrogen compounds as defined in EU Nitrogen Directives and HELCOM
recommendations.

The findings of the present doctoral thesis have been applied for the
elaboration of scientific projects “Elaboration of soil productivity optimization
models, by using and stocking up the data basis of the long-term stationary”
and “Research on Plant Nutrition Elements’ Circulation by having regard to
Principles of Good Agriculture Practice” funded by the Latvian Council of
Science. The research work “Optimization of Nitrogen Fertilizer for Spring
Wheat” was awarded with the consolation prize of the competition “Sgjgjs”,
organized by the Ministry of Agriculture of the Republic of Latvia.
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MATERIALS AND METHODS

Over a period from 1999 till 2001 there were performed 17 field trials for
spring wheat (Triticum aestivum L.) variety ‘Munk’ in soils of two types: sandy
loam and loamy soil after the three different pre-crops: potatoes, grass, and
cereals.

The trial variants were arranged in four replications by method of limited
randomisation. Randomly choosing one or another arrangement of nitrogen
fertilizer, it was observed that the same nitrogen variants were not applied in
proximal plots. Agrochemical indicators of loamy soil: pH KCI — 6.3, content
of organic matter — 23.0 mg kg (Tyurin’s method), phosphorus P,0Os —
100 mg kg (DL — method), potassium K,O — 135 mg kg' (DL — method).
Agrochemical indicators of sandy loam: pH KCl — 5.7, organic matter content —
22.0 mg kg™, phosphours P,0s — 142 mg kg™, potassium K,O — 92 mg kg™

During trials, at the end of April, spring wheat variety ‘Munk’ was sown
at a rate 600 germinable seeds per sq.m, after cultivating into soil 60 kg ha™
P,0; of ordinary superphosphate, and 90 kg ha™ K,0, the form of potassium
chloride that compensated in soil nutrient removal by at least 6.5 t ha™ crop
yield. Before sowing, seeds were treated with mordant Vincits (flutriafol,
25 g L and tiabendazole, 25 g L") 2 L t'. Wheed was controlled by applying
herbicide Granstar (metil-tribenuron, 750 g kg') by 15 g ha™. For pest control,
during wheat shooting phase, was used fungicide Tango (epoxiconazole,
125 g L'" and tridemophe, 375 g L") at a rate 0.8 L ha™. For aphid control (they
were massively spread in 1999) there was used insecticide Bi — 58 (dimetoat,
380 g L), with rate 1.0 L ha™.

The total area of one plot was 45 sq. m, (3m % 15 m) the recorded area
being 32.8 m’. Yield was harvested by direct combining. The threshed corn of
each field was weighted, and average samples were taken for the further
structural and chemical analysis.

In total, during trials seven nitrogen fertilizer application rate variants 0;
50; 100; 150; 200; 250 kg ha' N, and the diagnostical variant of nitrogen
demand by diphenylamine (C4Hs),NH method were tested. Prior to spring
wheat sowing, in the soil was cultivated 60 % of the planned nitrogen fertilizer
amount, in the form of ammonium nitrate (NH4;NO;; N 34.4 %). The second
nitrogen fertilizer dose, the amount of 40 %, was applied during spring wheat
tillering’s final phase — in the beginning of shooting (EC 29).

In the variant of nitrogen demand diagnostic, for the first spreading was
used 60 kg ha” N of nitrogen, and additional amount of fertilizer needed was
assessed by diphenylamine expressmethod. In the diagnostic variant the amount
of additional fertilizer appliedat the end of wheat tillering phase (EC 29), and
the total dose of fertilizer appliedare reflected at Table 1.
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Before the trials started, in both types of soils were grown pre-crops,
required for trials to be performed in the next year. Trials included pre-crops
embracing three most popular field crop groups of Vidzeme region: cereals,
grasses, and potatoes. Of cereals was used spring wheat (repeated sowing),
sown during the third decade of April, sowing dose at a rate 600 germinalbe
seeds per one square metre. Prior to sowing of spring wheat, in soil were
cultivated 60 kg ha' P,Os, in the form of superphosphate, and 90 kg ha™ K,0,
in the form of potassium chloride. Nitrogen dose was 80 kg ha™ N. For seed
treatment there was used Vincit (flutriafol, 25 g L' ; tiabendazole, 25 g L"), at a
rate 2 L t. For pest control served fungicide Tango 0.8 L ha™. On the wheat
stubble-field was sprayed herbicide Raundup (gliphosate, 360 g L), at rate
4 L ha'. Grass-seed mixture (hereinafter ‘grasses’): red clover variety ‘Skriveru
agrais’ 10 kg ha” and annual ryegrass 10 kg ha™', were sown during the first
decade of May. Shortly before the time of sowing, in soil was cultivated 60 kg
ha! P,0s, and 90 kg ha' K,O, correspondingly, in a form of ordinary
superphosphate and potassium chloride. Green mass of grass was cut twice,
during the vegetation period, then chopped and left on the field. Volume of the
cut mass was, on average, 4 t ha™'. Aftergrass, prior to ploughing, was sprayed
with herbicide Raundup (gliphosate 360 g L"), dose being 4 L ha™'. Grass-seed
mixture: early red clover and annual ryegrass were selected so that in possibly
short time — one season —could be obtained pre-crop, similar to most occurring
precrop of grasses cultivated at farms.

Potato variety ‘Sante’ were planted in the middle of May at a rate 3 t ha™.
Weeds were limited by herbicide Titus (rimsulfuron, 250 g kg') 0.05 kg ha™.
For disease control there was used fungicide Ridomil Gold (mankoceb,
64 g kg'; metalaxil-M 4 g kg"), the dose being 2.5 kgha”, and Dithane
(mankoceb, 750 g kg) — 2 kg ha™. As potato fertilizer served complex mineral
fertilizer for potatoes NPK 11 — 11 — 22, the dose being 450 kg ha™'. Harvested
average yield of potato tubers was 25 t ha™.

Content of mineral nitrogen in soil was stated for the variants without
nitrogen fertilizer. The soil samples were taken during vegetation season: in the
beginning of vegetation, when tillering (in wheat EC 26), by the end of
shooting (EC 37), and shorthly after flowering (EC 69). The average sample
was created by uniting four probings. Soil samples were taken by applying the
soil probe at a previously selected and marked place within three dephths of 0—
20; 20 — 40, and 40 — 60 cm, in four replications. The average samples were
transported to the Agrochemical Research Laboratory in a thermobag with
cooling elements. For the purposes of calculation of the supply of mineral
nitrogen N, for spring wheat, the volume-weight of sandy loam is assumed to
be 1.2 kg L', and volume-weight of loam— 1.4 kg L™

To determine the dynamics of nitrogen content in plants, within the all
trial variants, from four replications were taken stems of casually selected
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plants with leaves and created average samples which were analysed for total
nitrogen content at the Agriculture Insitute’s Scientific Laboratory. Plant
samples were taken at the end of tillering (EC 29), during shooting phase (EC
37), at the beginning of the heading (EC 51), and after flowering (EC 69). From
every arrangement were taken stems from randomly selected plants, by cutting
them at the neck of the root. Then samples of the plants were immediately
chopped and dried. In the course of further work, the dried and milled samples
of plants came under chemical analysis.

Lodging within spring wheat was stated in line with Methodics of
Evaluation of Economic Characteristics of Varieties, approved by the Ministry
of Agriculture of the Republic of Latvia, by visually assessing the decline from
stem’s vertical condition, and expressed by points:

9 —no lodging, stems situated in vertical condition,

7 — small lodging, % of the stems declined at the angle of 30°,

5 — medium lodging, % of stems declined at the angle of 45°,

3 — strong lodging, harvesting is difficult, % of stems declined at the angle

of 60°,

1 — extremely strong lodging, harvesting is impossible.

The content of organic substance was determined by oxidizing it with
potassium dichromate solution (K,Cr,05) in sulphuric acid. The gained three-
valued chrome is equivalent to the volume of organic substance, and this was
determined photocalorimetrically (LV ST ZM 80 — 97).

Soil pH was stated potenciometrically in one molar (M) KCI solution, soil
and solution being in proportion of 1: 2.5 (LV ST ZM 81 — 97). Available for
the plants phosphorus and potassium was determined by Enger-Riehm (DL)
method (LV ST ZM 82 — 97). The determination of mineral nitrogen was based
upon extraction of ammonium N — NH,) and nitrate (N — NO3) from soil with 1
molar (M) potassium chloride solution (proportion of soil and extragent amount
was 1: 2.5), and later, calorimetrically, there was stated nitrogen and
ammonium.

The samples of grain and plants were prepared for analysis considering
metdhods specified by LVS ISO 6498: 1998. For milling, there was used a
specific mill, foreseen for the task, avoiding overheating of the analyzed mass.

Moisture of the sample was stated considering LVS ISO 6496: 1999.
Drying method was applied. Samples were dried at the temperature of 103°C
until constant mass was obtained.

For quantitative determination of nitrogen in plants, was used Kjeldahl
method (LVS ISO 5983:1997). Kjeldahl method was used also for detection of
nitrogen in grain and straw.

Quality of grain was assessed considering the methods approved by
Latvian National Standards.
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By diagnostic variant, the dose of nitrogen fertilizer was stated applying
diphenylamine (C¢Hs),NH) expressmethod, based on the formation of intense
blue tint (N, N’-diphenyl-benzidin violet) resulting from the reaction between
diphenylamine and nitrate ions.

Average temperature of 1999, only in the beginning of vegetation period,
was lower than long-term records. During further growth period of plants, the
average air temperature was 1.7 'C higher than usual. As to precipitations, on
the other hand, the vegetation period of 1999 in Skriveri was remarklably drier
than usual. The total precipitation volume during five vegetation months was
100 mm less than long-term records. Especially badly shortage of precipitation
was felt by the plants in July, during their formation and ripening time. the
precipitation sum of this month was nearly two times less than the norm, and
this, beside high air temperatures, could be one of the essential causes of the
decreased spring wheat yield, and poor grain quality. The next trial year, 2000,
turned out to be cool and humid. Though average air temperatures during
vegetation period-2000 were slightly higher than long-term records, the days
were cooler than usual causing the following: speed of physiological processes
of plants, daily, was limited. During spring wheat vegetation, it was stated also
disadvantaged dispersion of precipitation. During the first vegetation phase
when plants need more humidity, the monthly volume of precipitation was
smaller than long-term records. During second vegetation phase, when plants
don’t require so much humidity, Skriveri Meteorological Station stated
especially abundant precipitation volume reaching 190 mm in July and
surpassing long-term average records more than twice. Nevertheless, of all
three trial years, this year was, relatively, most benignant for wheat growing.
On the third trial year, during spring wheat vegetation, the average day and
night temperatures were higher than long-term records. High air temperatures
by day were fixed during wheat flowering time. Beside high temperatures, in
June and July, there was fixed also excessive precipitation amount. During
grain formation, heavy rainfalls and gusty winds lodged the better developed
sowings. The lodged sowings developed favourable conditions for pest
development, and this made negative impact on the yield and grain quality,
totally, during trial period, the agro-meteorogical conditions showed
remarkable deviations from long-term average records, and every trial year was
different.

Yield data of field trials were subject to multifactorial (4) anova analysis
considering SPSS program and applying General Linear Model (GLM) Tukey
correlation function that unites the normal values of factorial features with the
changing linear combination, and transform correlation between single
components making them linear. Least significant difference (LSD) was stated
by PostHoc test. PostHoc test is applied after anova analysis has proved
essentiality of the common factor. This permits to compare the average values
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of all the possible pairs, without changing the error criteria within the definite
value intervals. To state the economic optimum of nitrogen fertilizer there were
considered costs of nitrogen fertilizer, and value of additional grain harvested
thanks to nitrogen fertilizer. The optimum was at the point where the function’s
derivation of polynomial regression (applied for stating extreme points) was
equal to the relations between the value of grain yield and the maximal price of
nitrogen. The price of grain was assumed 150 Ls t”, and nitrogen costs —
0.44 Ls kg™ N being the average prices of the products during data procession
of the season-2007.

Making the linear regression equations, for every trial variant, there was
stated a definite dose of nitrogen fertilizer at which there was detected the
largest increase in grain yield. Also there was determined the character of
increase or decrease of grain yield, if nitrogen fertilizer dose was increased.

To assess the grain quality indicators there was used two-factor anova
analysis. Change of total protein content in grain due nitrogen fertilizer dose
and data interpretation was performed by linear regression analysis, using
software MS Excel. To state the intercorrelation between plants and nitrogen
contents in soil, there was used the analysis of correlation.

RESULTS

Nitrogen status in soil during vegetation period of plants

Esstential impact on the supply of topsoil (0 — 20 cm) with mineral
nitrogen had the texture of soil (Sig. = 0.003), and the share effect was 31.3 %
or n’= 0.313. The soil content of mineral nitrogen changed remarkably
(Sig. = 0.015) during spring wheat growth period, and the share effect of it was
34.7 % or n’= 0.347 (Fig.1). Mathematic data analysis did not stat any
existence of correlation between these factors (Sig. = 0.426).

Assessing the supply of mineral nitrogen (N;,) by various pre-crops,
there was stated: minor stock of nitrogen was after cereals — on average,
40 kg ha™'. Relatively good nitrogen supply during spring wheat vegetation was
after potatoes — on average, 44 kg ha', and major supply of nitrogen in soil was
after grasses, on average, 47 kg ha'. At the beginning of vegetation, relatively
high content of mineral nitrogen was stated in plots arranged after potatoes, and
there was also harvested the highest yield. While assessing the impact of
texture of soil upon nitrogen supply, it must be admitted that within loamy soil
the nitrogen supply was 17 kg ha” higher than within sandy loam. During
growth period, within lighter soil, mineral nitrogen moved to deeper soil layers.

The best supply of spring wheat with mineral nitrogen was within loamy
soil after grasses. At the beginning of vegetation period, within soil layer 0 — 20
cm there was 50 kg ha' N of nitrogen. During spring wheat tillering, the
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content of nitrogen increased up to 101 kg ha”, and that was the top of the
entire trial. Decreased content of nitrogen, N, at the end of vegetation period
occurred within wheat after cereals — on average, 37 kg ha™', where the last year
ploved straw immobilized nitrogen. Increased environment pollution, at the end
of vegetation period, was observed in plots where wheat was grown after
potatoes: there were stated the highest N,;;, remains in soil.

Dinamics of nitrogen compounds in vegetation period of plants

To state the impact of rising rates of nitrogen fertilizer upon total nitrogen
within spring wheat plants, during vegetation of plants there were taken
samples from green mass of plants, from all the variants. Nitrogen fertilizer
increased the total content of nitrogen within green mass of spring wheat, on
average, 2 — 43 g kg of dry matter (Fig.2). The major increase of nitrogen
content, in dry matter (DM), had the variant of spring wheat’s heading phase
(EC 51) where 250 kg ha” N of nitrogen was used. The smallest increase of
total nitrogen within plants DM, due the impact of nitrogen fertlizer, was stated
during tillering of spring wheat, and after flowering. During tillering of spring
wheat (EC 29), if nitrogen fertilizer was increased from 50 to 150 kg ha™' N, the
total nitrogen content within plants increased from 34 to 44 g kg' N;
nevertheless, further increase of nitrogen fertilizer did not change nitrogen
content essentially, making 45 g kg of DM. Results show that the optimal
content within wheat, during tillering phase — 55 — 60 g kg of DM, was not
gained at any trial variant. Within variants where nitrogen fertilizer was from 0
to 150 kg ha N, during shooting phase (EC 37), nitrogen content increased
from 26 to 42 g kg of DM. Further increase of nitrogen fertilizer dose did not
change content of nitrogen in spring wheat.

Major impact of nitrogen fertilizers upon nitrogen content within spring
wheat was stated during heading. By increasing nitrogen fertilizer rate every
50 kgha' N, total nitrogen content within plants also was increased, on
average, 5 — 12 g kg of DM, and, by 250 kg ha™ N, total nitrogen content
reached 85 g kg™ of DM. After spring wheat flowering phase, the total nitrogen
content within plants was the lowest one, and the nitrogen fertilizing resulted
merely sligh increase. During spring wheat development phase, using nitrogen
fertilizer up to 50 kg ha™' the nitrogen content within wheat increased merely by
1 —3 kg of DM. Within variants with nitrogen ferlizer 200 and 250 kg ha™ N,
the total nitrogen content in DM was, on average, 17 g kg™ N.

The impact of nitrogen fertilizer upon total nitrogen content depended on
the time when the samples were taken from the plants, or the phase of their
development. Total nitrogen content within plants decreased during rapid
increase of vegetative mass as well as during grain maturation. More prominent
difference in total nitrogen content between different variants of fertilizing was
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during spring wheat heading phase EC 51. The impact of pre-crop and texture
of soil upon the total nitrogen content within spring wheat was stated as well,
but it was rather minor, and during second part of spring wheat vegetation,
especially by the end, this impact practically was not stated.

Yield of spring wheat

Multifactorial (4) anova analysis showed that during three year trials,
nitrogen fertilizer, pre-crops, soil (Sig. 0.000<0.05), and the year of growing
(agrometeorological conditions) (Sig. 0.002<0.05) made essential impact on
grain yield level, as separate factors. Essential yield fluctuations arose due
corellation between fertilizer and pre-crops, pre-crops and soil, soil and the
annual or agrometeorological conditions (Sig. 0.000<0.05). Mathematical data
procession showed essential significance of the three factors’ interaction — pre-
crop — the year, and pre-crop — soil — the year, to provide the yield level during
three years (Sig. 0.000<0.05).

To state the impact of nitrogen fertilizer upon the yield of spring wheat
grain, the average yield was calculated, for every nitrogen variant, after all pre-
crops. By control variant (without nitrogen fertilizer), the average spring wheat
yield was 2.77 tha”. The variant with nitrogen fertilizer rate 50 kg ha' N,
provided spring wheat yield 3.35 t ha”', and this made 0.58 t ha™ more grain
than by the variant without nitrogen fertilizing, and that was essential increase
of grain yield (LSDys= 0.382 t ha™). Using 100 kg ha™" N, the grain yield was
3.58 t hal. This made 0.81t ha' more than by the control variant, but,
comparing to the previous rate, 50 kg ha' N, the increase of grain yield,
0.23 t ha”', was not essential. No significant difference of the yield was stated
by nitrogen rate 100 kg ha™ and 150 kg ha™' N, only by 0.02 t ha™.

Nitrogen fertilizer rate’s increase above 150 kg ha™ N did not essentialy
increase the yield. Using nitrogen fertilizer 200 and 250 kg ha™" N, spring wheat
yield was respectively 0.24 un 0.27 t ha™ (P = 0.003<0.05) less than if applying
150 kg ha™ N nitrogen fertilizer (Fig.3). Yield decrease could be explained by
increase of spring wheat lodging, using greatest nitrogen fertilizer rates which,
in some years, reached 5 — 4 points (60 — 80 % of the plot area). Relatively low
grain yield, obtained at trials (3.57 — 3.60 t ha'), can be explained by
unfavourable agrometeorological conditions, and their impact upon nitrogen
content within wheat; no optimal nitrogen content in wheat grain was reached,
in no variant. Applying diagnostic variant, there was defined nitrogen rate for
every trial variant considering supply of plants with nitrogen at the final part of
tillering phase, using method of expressdiagnostics of nitrogen content in stems
of plants. Average nitrogen rate, by this variant, was 77 kg ha™ (Fig.3).
Applying this nitrogen fertilizer rate, there was obtained, on average, 3.57 t ha™
of spring wheat grain, and this was merely 0.01 t ha™' less than by the variant
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with 100 kg ha™ N of nitrogen, and in addition, the saved nitrogen fertilizer was
23 kg ha™ of pure staff.

By the variants with nitrogen fertilizer 50 and 100 kg ha” N, and the
diagnostic variant, there was practically no lodging at all (on average, 9 points),
but by the variant with 150 kg ha™ N nitrogen fertilizer, lodging was scarcely
from 7 to 9 points. The greatest lodging with spring wheat was stated after
grasses, in sandy loam, by variant of 250 kg ha™ N nitrogen fertilizer where, on
average: in the course of three years, lodging reached 4 points. Less lodging
within spring wheat was after cereals, the maximal one — 6 points reaching, in
loamy soil, with 250 kg ha™ N of nitrogen fertilizer. During tests, lodging with
spring wheat was stated mostly during milkstage of plant maturation phase,
after hard rains and gusty wind.

In the course of three years, by the variant without any nitrogen fertilizer
in sandy loam, there was obtained, on average, 0.27 t ha” grains more than
within loam. Applying the increasing nitrogen fertilizer rates, the wheat yield in
sandy loam was essentially higher: by all the nitrogen fertilizer variants. In
additon, by the nitrogen variants of 50 kg ha™ and 100 kg ha™ N fertilizer rates,
the difference between yields at sandy loam and loamy soil, increased even
more, correspondingly: in sandy loam there was obtained 0.4 tha” and
0.38 tha'l grain more than in loamy soil (LSDg¢s=0.152 t ha'l).

The impact of separate pre-crops upon spring wheat yield more
prominently was observed by the variant without nitrogen fertilizer (Table 2).
By this variant, most grain — 3.15 t ha was obtained after potatoes where grain
yield was 0.45 t ha more than after grasses, and 0.70 t ha™ more than after
cereals. By the variant without fertilizer, pre-crop grasses was better than
cereals, where, on average, within both soils, there was formed 0.25 tha' grain
less, and that is essential difference by LSDg 5= 0.216 t ha'.

By the variants without nitrogen fertilizer, the best pre-crop for spring
wheat was potatoes leaving behind grasses; and growing cereal repeatedly,
there was gained the smallest yield (Fig. 4).

By all the variants with nitrogen fertilizer, on their parts, the highest yield
was obtained when growing spring wheat after potatoes leaving behind the
variants with pre-crop cereals, and leaving grasses last. The relatively low
effectiveness of pre-crop — grasses during our trials can be explained this way:
giving the increasing nitrogen fertilizer rates, the importance of the
accumulated nitrogen, by grasses, is relatively lost.

Analyzing the changes within wheat spring yield affected by nitrogen
fertlizer, separately in sandy loam and loamy soil, after every pre-crop applying
linear regression, there was stated the importance of the above mentioned
factors for obtaining the maximal grain yield.

Within sandy loam, after grasses, when increasing nitrogen fertilizer by
10 kg ha' N, the increase of grain yield was 0.51 t ha™, by= 0.0051 t ha™
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(Fig.5). The turning point in increase of grain yield was stated by 88 kg ha' N
of nitrogen fertilizer, reaching the maximal grain yield 3.14 t ha™.

Within loamy soil, the turning point in increase of wheat yield was stated
by 151 kg ha” N of nitrogen fertilizer (3.30 t ha™), and then followed rapid
decrease of grain yield by,= -0.0038 t ha”'. Higher content of clay particles
within soil, influenced by pre-crop grasses, ensured the chance to obtain more
grain and use more nitrogen fertilizer (Fig.5).

Analogous calculations have showed that pre-crop grasses and sandy
loam, interacting with nitrogen fertilizer rate up to 150 kg ha' N, formed
provisions for the increase of spring wheat yield in the same way as loamy soil
interacting with pre-crop cereals and nitrogen fertilizer rate, up to 100 kg ha™
N. The turning point in spring wheat yield increase within sandy loam was
stated by 135 kg ha' N of nitrogen fertilizer, but within loamy soil, spring
wheat yield began to decrease already by 96 kg ha™ N.

Loamy soil, influenced by pre-crop cereals, decreased the maximal yield
of wheat grain and also decreased the consumption of nitrogen fertilizer.

Pre-crop potatoes and nitrogen fertilizer rate up to 100 kg ha' N
interacting with sandy loam increased the yield of wheat grain sharper than pre-
crop potatoes interacting with loamy soil. The interaction of loamy soil and pre-
crop potatoes resulted increase of spring wheat yield by 150 kg ha™ N nitrogen
dose. Neverthelss, the analysis of linear regression show that the turning point
in yield increase within sandy loam was stated by 99 kg ha™ N rate of nitrogen
fertilizer, but within loamy soil, the yield started to decrease by 145 kg ha™ N.
Within loamy soil, potatoes as pre-crop decreased maximal wheat grain yield
more consuming of nitrogen fertilizer than within sandy loam. Nitrogen
fertilizer, as limiting factor of grain yield, had minor significance when
growing the wheat after grasses, but major — growing them after potatoes or
cereals.

Calculated, economically optimal nitrogen fertilizer rates

Considering the grain yield, obtained at trials, there were made
polynomial regression equations by help of which there were calculated
economically optimal nitrogen fertilizer rates.

The calculated rate of the optimal fertilizer nitrogen, influnced by various
pre-crops and soil texture, within three year plot trials, fluctuated between 61
and 136 kg ha' N. Fluctuations like these can essentially influence not only
economical, but also the ecological situation, practically at every farm.
Uselessly applied 75 kg ha™' of nitrogen can leave essentially negative impact
upon natural nitrogen balance of the environent.

Most of the grain yield, against background of the calculated optimal
nitrogen rate 92 kg ha™ N, was obtained when growing wheat after potatoes —
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on average, 4.01 tha™'. The last year, relatively intensively, was loosened soil
and combated perennial weeds, and this could be the basis for better crop
growing next year. More nitrogen fertilizer (133 kg ha” N on average in both
the soils), in order to obtain optimal spring wheat yield (on average, 3.63 t ha™)
was used in plots after cereals.

The smallest nitrogen rate for spring wheat was required within pre-crop
grasses. The optimal nitrogen fertilizer rate, on average, for both soils, in the
course of three years, was 68 kg ha™ N resulting 3.10 t ha™' of grain. Evaluating
the obtained gross receipt for growing of spring wheat, the economically
profitable pre-crop were potatoes when gross receipt made, on average, 561 Ls
ha™' (Table 3). Minore economic profit from growing of spring wheat was
stated within the variants with pre-crops cereals or grasses.

With the variants when wheat was grown after potatoes, the expenses on
nitrogen fertilizer were, on average, 40 Ls ha™' being 19 Ls ha™ less than when
growing spring wheat after cereals, and 20 Ls more than growing them after
grasses. The optimal nitrogen fertilizer rate, on average, within sandy loam — 92
kg ha”' N uniting pre-crops variants, was esentially lower (11 kg ha™') than the
calculated nitrogen fertilizer rate for loamy soil — 103 kg ha™ N; this was
proved also by mathematical processing. The soil texture essentially influenced
grain yield (Table 3).

For instance, spring wheat after potatoes within sandy loam, by the
optimal nitrogen fertilizer 80 kg ha”, N brought 4.25 t ha™ of grain, using for
nitrogen fertilizer 35 Ls ha™, whereas spring wheat after potatoes within loamy
soil, made the economically optimal nitrogen fertilizer rate 104 kg ha™ N, and
there was obtained 3.77 t ha” of grain, the total costs for nitrogen fertilizer
being 46 Ls ha™. After the same pre-crop, the difference in grain yield reached
0.48 t ha™', and the difference in nitrogen fertilizer was 24 kg ha™, but costs for
nitrogen fertilizer — 11 Ls ha™, by nitrogen cost 0.44 Ls kg™ N (Table 2).

The gained, economically optimal value of nitrogen fertilizer is a relative
figure depending upon the costs of spring wheat fertilizing, and the grain
purchasing price. The higher the nitrogen fertilizer price, the lower is the
economically profitable nitrogen fertilizer rate. The calculated optimal nitrogen
fertilizer rates show that spring wheat requires differentiation as to pre-crop and
texture of soil since the optimal nitrogen rate after cereals was 133 kg ha™ N;
after potatoes— 92 kg ha™!, after grass 68 kg ha' N, whereas within loamy soil,
103 kg ha' N, and sandy loam — 92 kg ha™ N, and, for instance, by the variant
after potatoes within sandy loam, the optimal nitrogen fertilizer rate was
80 kg ha™' N, but within loamy soil — 104 kg ha™' N.
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Quality of spring wheat grain

Major impact upon grain quality, at trials, had nitrogen fertilizer. Lowest
nitrogen fertilizer rate (50 and 100 kg ha™ N) for 1000 grains of spring wheat,
compared to the variant without nitrogen fertilizer (control), was not essentially
influenced, but the increase of nitrogen fertilizer from 150 to 250 kg ha™ N,
essentially decreased the mass of 1000 grains. Evaluating the impact of pre-
crops, it must be admitted that, within loamy soil, rougher grain was obtained
after grass, when using 100 kg ha™ N of nitrogen, but, within sandy loam, after
grass, by 50 and 100 kg ha™' N rates of nitrogen.

Grain gluten content fluctuated, on average, from 23.0 % to 31.9 %.
Essential impact on gluten content as stated had nitrogen fertilizer
(Ps.=0.00034<0.05 and P = 0.00005<0.05). Within sandy loam, the amount of
50 kg ha™' N of nitrogen fertilizer, essentially (on average by 1.4 %) increased
gluten content within grain as compared to the control. Essential increase in
gluten content was stated also if increasing the nitrogen fertilizer rate from 50
to 100 kg ha™ N gluten contet within spring wheat grain increased, on average,
from 26.4 to 28.0 %, or 1.6 % (LSDg 5= 1.32 %).

Within loamy soil, gluten content increased essentially, for 2.1 %, and
was stated only by the use of 100 kg ha™ N of nitrogen fertilizer. Increasing
nitrogen fertilizer rate to 150 and 200 kg ha™ N, gluten conten increased, on
average, for 2.0 %, and this was esential (LSDg 5= 1.36 %).

The trial results indicate that, in most cases, in order to grow wheat after
grass or potatoes and obtain grain with gluten content above 28 %, spring
wheat, within sandy loam, one must apply at least 100 kg ha N of nitrogen
fertilizer. Within loamy soil, the amount of 100 kg ha™ N of nitrogen fertilizer
turned out to be enough for obtaining the highest quality grain only after grass,
but growing them after cereals or potatoes, for obtaining high quality grain,
nitrogen fertilizer rate must be at least 150 kg ha™ N. Within sandy loam, on
other hand, by repeated spring wheat sowings, for obtaining 28 % of gluten
content, there must be cultivated in 200 kg ha™ N of nitrogen at least. Falling
number by trial variants fluctuated, on average, from 151 to 334 s. Spring
wheat if grown in sandy loam, had a lower falling number, on average, — from
151 to 272 s, but growing spring wheat within loamy soil, the falling number
reached 195 — 334 s. Nitrogen fertilizer and the increase of its rate, within
sandy loam, did not affect, essentially, the falling number of spring wheat.

By the variant without nitrogen fertilizer, the crude protein in grain was
11.4 %. The impact of nitrogen fertilizer rate 50 kg ha N made grain protein
content to rise up to 12.3 %. Nitrogen rate 100 kg ha™ N ensured the greatest
increase of crude protein — on average, 0.8 — 0.9 %. Further increase of nitrogen
fertilizer rate, from 100 kg ha™ N to 150, 200 and 250 kg ha™ N, ensured higher
crude protein content in grain 14.7 % (250 kg ha™), neverthelss, by separate
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high nitrogen rates, the increase was not as high as by minor nitrogen fertilizer
rates — on average, merely 0.4 — 0.6 %. The trial results show that, for growing
the grain that corresponds to food quality requirements, basically, sufficed the
amount of 50 — 100 kg ha™ N of nitrogen fertilizer.

The content of crude protein in grain was influenced more by various pre-
crops. Mutually comparing the indicators of crude protein content within
various soils, there was stated that texture of soil had impact only upon the
variants without nitrogen. Within loamy soil, crude protein content in grain
was, on average, 0.8 — 1.3 % higher than within sandy loam.

In order to state the required nitrogen fertilizer, for reaching crude protein
adequate to food requirements, there were described, by linear regression
equations (Table 4), the changes in crude protein content affected by nitrogen
fertilizer, in all variants of soil and pre-crops. Evaluating the calculated,
economically optimal nitrogen fertilizer rates for spring wheat, and grain yield,
it was stated that crude protein content was not the limiting indicator of grain
yield, adequate to the food wheat.

Effectiveness and balance of nitrogen

In order to state the effectiveness of nitrogen fertilizer, there was
calculated nitrogen removal by the yield. Major effect upon nitrogen removal
had the use of mineral nitrogen fertilizer. Within the control variant (without
nitrogen fertilizer), removal with spring wheat grain and straw was the smallest
one — only 53 kg ha™' N. The greatest increase of nitrogen removal was stated
within smaller nitrogen fertilizer rates — by the variant 50 kg ha” N when the
removal increased from 53 to 72 kg ha™ N (LSDjsx= 5.6 kg ha™ N). Applying
the nitrogen fertilizer rates 100 and 150 kg ha™' N, nitrogen removal within
yield increased, respectively, to 83 and 92 kg ha N making essential increase
(LSDgos= 5.6kgha™ N). Increasing nitrogen fertilizer rate up to 200 and
250 kg ha™ N, the removal increase was not significant any more proving that
nitrogen fertilizer was not used purposefully to ensure the yield and its quality.

Analyzing nitrogen removals within grain and straw, there were stated the
cultivated-in nitrogen costs. Utilization of nitrogen fertilizer made the
conception of effectiveness of the used fertilizer.

Within sandy loam and its light soil texture, effectiveness of nitrogen
fertilizer for spring wheat fluctuated within 17 to 51 %. The exception was the
variant after grasses, and due its impact, nitrogen fertilizer rates within the
variants of 50 and 100 kg ha™' N, efficiency factors were equal, reaching 32 %.
The highest nitrogen fertilizer efficience was stated at plots after cereals where
spring wheat, for making the yield, had consumed, on average, 51 % of
nitrogen fertilizer.
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Within loamy soil, the use of nitrogen fertilizer for spring wheat
fluctuated within 13 to 64 %. In the same way as with sandy loam, also within
loamy soil, nitrogen used by spring wheat was better at plots after cereals,
depending on the fertilizer rate, from 19 to 64 %.

Utilization of nitrogen fertilizer, while increasing nitrogen fertilizer rate,
gradually decreased, except when spring wheat was grown after potatoes: then,
by increasing fertilizer rate of 50 kg ha™ to 100 kg ha™', or 150 kg ha™ N, the
nitrogen removal did not change.

Utilization of mineral nitrogen fertilizer is closely connected with balance
of nitrogen within spring wheat (Figures 6 and 7). The balance characterizes the
difference between the added and the removed mass of nitrogen within yield.
Balance of nitrogen can be viewed as a relative indicator since it is influenced
by nitrogen stocks within soil, microbiological processes, and agrotechnical
activities of crop growing.

Spring wheat, by the variant without nitrogen fertilizer, used the nitrogen
from the soil reserves; therefore the balance of nitrogen was negative.

By the variant without nitrogen fertilization, nitrogen was more accessible
after grasses; therefore the negative balance within this pre-crop variant was
major: -65 kg ha’ N (Fig. 6). Lower spring wheat yield, wherewithal,
consequently, nitrogen N removal, within sandy loam, after cereals, made more
negative balance by the variant without use of nitrogen fertilizer -47 kg ha™' N
(Fig. 6). Within sandy loam, using minor nitrogen fertilizer — 50 kg ha™ N, the
negative balance still remained by all the pre-crop variants being within -20 to
-28 kg N ha™. And only using 100 kg ha” N and more of nitrogen fertilizer,
there was stated positive balance of nitrogen.

Within loamy soil, balance of nitrogen within spring wheat sowings
changed like within sandy loam. After grasses, there was the greatest negative
balance: - 63 kg ha' N by the variant without nitrogen fertilizer, and
-29 kg ha™' N, the variant with nitrogen fertilizer 50 kg ha™ N (Fig. 7). Within
loamy soil, due pre-crop cereal impact, the balance was less negative: by the
variant without nitrogen fertilizer - 31 kg ha”, and also due the impact of
50 kg ha™' N of nitrogen, it was only - 11 kg ha N. By 100 kg ha™ N and using
more nitrogen fertilizer, like within sandy loam, the balance of nitrogen was
positive (Fig. 7).

Using nitrogen fertilizer’s rate from 150 to 250 kg ha™ N, environment
gets from 1/3 to 1/5 of cultivated-in nitrogen, increasing, correspondingly, the
pollution risk due agricultural acitivities.

Applying second-order-polynomial regression equities, there was stated
feasible nitrogen balance by theoretically calculated, economically optimal
nitrogen fertilizer. After cereals, within both soils, balance of nitrogen was a bit
more positive; within loamy soil forming 22 kg ha”, and sandy loam —
19 kg ha” N. Using optimal nitrogen fertilizer rate within plots after potatoes,
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within sandy loam, there was formed slightly negative balance of nitrogen:
-4 kg ha! N. Within loamy soil, on other hand, balance of nitrogen was solidly
positive and made 25 kg ha” N (Fig. 8). Due grass impact, within both soils,
there is a predictable negative balance of nitrogen, and within sandy loam it
was slightly smaller -20 kg ha™ N, but within loamy soil — slightly higher and
made 31 kg ha™ N (Fig. 8).

Using economically optimal nitrogen fertilizer, by various pre-crop and
soil variants, the gained balance of nitrogen, on average, was close to zero:
2 kg ha™ N, and practically ensured nitrogen removal with yield.

Assessment of various nitrogen fertilizer optimization types

During trials, apart from the six variants with fixed nitrogen fertilizer
rates, there was one additonal variant, with changeable nitrogen fertilizer rate.
Changeable nitrogen fertilizer rate depended on nitrogen supply of plant, and
this was stated by diagnosing nitrate content within bottom part of the stem of
plants. The principal goal of the diagnostic variant was to compare the two
methods of nitrogen fertilizer optimization: calculation method and diagnostical
expressmethod with diphenylamine. Both the methods were compared by
stating the required amount of nitrogen fertilizer, harvested grain yield, and
balance of nitrogen within soil.

Economically optimal nitrogen rate, stated by the calculation method (N
opt.), practically within all the trial variants, was different from the required
amount of nitrogen (N diag.), stated by expressmethod. By the diagnostic
variant, the average nitrogen rate, for all pre-crop and soil variants, was within
71 — 80 kg ha™' N, but the amount of economically optimal nitrogen fertilizer
rate, made by calculations, fluctuated within a wider range: from 61 to
136 kg ha™ N (Table 5). By the variants where spring wheat was grown after
cereals, nitrogen fertilizer rate, stated by diphenylamine method, was 50 —
58 kg ha™' N less than the theoretically calculated amount of nitrogen fertizer,
and grain yield was smaller (for 0.24 t ha™) only in sandy loam. Greater
amount, for 28 kg ha™ N of nitrogen fertilizer, was calculated practically by the
variant where spring wheat was grown within loamy soil after potatoes,
whereas grain yield, by both the variants, were practically identic.

On the other hand, when spring wheat was grown after grass, by nitrate
diagnostic variant, the required nitrogen fertilizer rate was 17 kg ha™ more than
foreseen by the calculated, economically optimal nitrogen rate, in addition,
grain yield, by economically optimal nitrogen fertilizer, was 0.02 to 0.23 t ha™
smaller.

Analyzing average results, it turned out that, obtained by uniting all pre-
crop and soil variants, average nitrogen fertilizer rate, calculated by nitrate
diagnostic method, was 77 kg ha™ N, and average spring wheat yield made
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3.57tha’. Calculated, economically optimal nitrogen fertilizer rate was
98 kg ha™' N and average grain yield was 3.58 t ha™".

Resulting from nitrogen fertilizer optimization methods, proved by trials,
there were obtained identic average grain yields, but nitrate diagnostic variant
required 21 kg ha” N less nitrogen fertilizer than the economical optimum
calculations variant.

Balance of nitrogen, by both the compared nitrogen fertilizer optimization
methods, on average, was close to neutral, 2 and 2 kg ha' N (Fig. 9.).
Consequently, on average, by all trial variants, both compared methods
perfectly ensured required nitrogen amoutn for spring wheat.

Comparing nitrogen optimization methods within separate pre-crop
variants, we see that their balance of nitrogen remarkably differs. More
prominent balance deviations from zero were within calculated, optimal
nitrogen fertilizer variants, both to positive and negative directions (Fig. 9).
Nitrogen fertilizer rate, calculated by diagnostic method, ensured minor
fluctuations of nitrogen balance, and they were close to zero.

Both compared nitrogen fertilizer optimization methods are suitable
withing definite conditions. Nitrogen diagnostic method (with diphenylamine)
should be applied for nitrogen fertilizer rate’s adjustment during wheat
vegetation on the field, whereas optimal fertilizer calculation method is suitable
for elaborating of the norms for fertilizing, summarizing the results of
numerous serial trials.

CONCLUSIONS

1. Essential impact spring wheat pre-crops leave upon nitrogen content within
topsoil: major nitrogen stock, was left by grasses, on average 47 kg ha™', in
topsoil at 20 cm depth; minor — by cereals, on average 40 kg ha' N in
topsoil at 20 cm depth.

2. Within loamy soil, nitrogen stock within topsoil is, on average,
17 kg ha™ N higher than within sandy loam.

3. Using increased nitrogen fertilizer rates, mineral nitrogen content within
loamy soil increased, mostly at topsoil (0 — 20 cm), but within sandy loam,
it increased also at deeper layers (to 60 cm) proving that nitrogen pollution
risk is higher within soil of lighter texture.

4. On average, during three years, nitrogen fertilizer rates 50, 100 and
150 kg ha”' N increased the grain yield, as compared to the variant without
nitrogen fertilizer, correspondingly, by 0.58, 0.81 0.83 t ha™ of grain,
though, further increase of nitrogen fertilizer rate could not essentially
increase grain yield.
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10.

11.

Amount of spring wheat yield is affected by pre-crop: the greatest yield
was obtained when growing wheat after potatoes — 0.4 — 0.7 t ha™ more
than growing it after cereals and grasses.

As turned out, more suitable for growing spring wheat, was sandy loam,
where the obtained yield made 0.27 — 0.40 t ha™ more grain than within
loamy soil.

Content of crude protein and gluten increases along with the increase of
nitrogen fertilizer rate, whereas the mass of thousand grains and grain
volume-weight decreases. The falling number within sandy loam was not
essentially affected by nitrogen fertilizer.

Calculated, economically optimal nitrogen fertilizer rates are influenced
both by pre-crop and texture of soil: within sandy loam, after cereals, it is
136 kg ha™' N, after potatoes — 80 kg ha™ N, and after grass 61 kg ha™' N;
within loamy soil; on the other hand, optimal nitrogen fertilizer rate after
cereals was 130 kg ha™' N, after potatoes — 104 kg ha™ N, and after grass
75 kg ha™ N, and they ensured obtaining of qualitative grain yield.

Applying the calculated economically optimal nitrogen rate, within various
pre-crop and soil variants, there was obtained, on average, positive balance
of nitrogen: 2 kg ha™ N, practically ensuring nitorogen removal by yield.

By optimizing nitrogen fertilizer rate, one must consider the impact of pre-
crops and texture of soil since it essentially changes the nitrogen supply of
wheat, and the level of grain yield.

Both the compared nitrogen fertilizer optimization methods are suitable for
definite conditions. Nitrogen diagnostic method (with diphenylamine)
should be applied for nitrogen fertilizer rate’s correction during wheat
growth on the field, whereas optimal fertilizer calculation method is
suitable for elaboration of norms for fertilization, summarizing results of
numerous serial trials.
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