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IEVADS

Viens no Latvijas lauksaimniecibas politikas mérkiem ir izveidot un
nostiprinat lauksaimniecibu ka nozari, kas sp&tu konkurét Eiropas Savienibas (ES)
koptirgt, tai skaita razot pasaules tirgus prasibam atbilstoSu daudzgadigo zalaugu
s€klas materialu, sp&jigu konkurét ar citu valstu s€klu piedavajumu kvalitates un
razoSanas izmaksu joma.

Valstiski svarigi ir sakartot s€klkopibas sisttmu ta, lai Latvijas
s€klaudzetajiem bitu iesp€jams piedavat sarazoto s€klu Eiropas tirgd, ka arl
apmierinat savas valsts vajadzibas péc zalaugu s€klas materiala. Seklu razoSanas
ekonomiku veido gan biologiskie, genétiskie, gan arf saimnieciskie faktori, ko liela
mera ietekmé pareizas zalaugu séklu skirnes un piemérotako tehnologiju izvéle.

Seklkopiba ir ilgsto$s un sarezgits process, kas prasa detalizétu izpéti,
zinasanas, pieredzi un tehnisko nodro$inajumu, lai ieglitu pietickami 1&tu un Valsts
standartiem atbilstosas kvalitates s€klas materialu. P&¢ Zemkopibas ministrijas
informacijas datiem daudzgadigo stiebrzalu s€klu lauku kopplatiba Latvija
2008. gada bija 1778.16 ha, t.sk. ganibu airenes s€klu lauki aiznéma 186.26 ha, no
tas ganibu airene ‘Spidola’ sastadija 101.26 ha.

Petfjumos un ilggad@ja pieredze noskaidrots, ka Latvija augstrazigu zelmenu
ar ilgstoSu razotsp&ju veidoSanai vispiemerotakas ir viet€jos augsnes un klimata
apstaklos izveidotas $kirnes un izaudzetas zalaugu s€klas. Produktivu zalaugu
kultivésana un atbilstoSas zales lopbaribas ieguve ir lopkopibas pamats. Pieméram,
lopbaribas zalaugu s€klu lauku platibas Eiropa ir pieaugusas no 98271 ha
1985. gada lidz 237206 ha 2004. gada (World Forage, 2006). Pétijjumu rezultatu
analize parada, ka paslaik no lopbaribas augiem vadoSo vietu ienem stiebrzales un
taurinziezi. Pasreiz zalaugu s€jumu struktiira airenes aiznem 40% no platibas.

ArT Latvija zales lopbariba ir galvenais un 1&takais lopbaribas Iidzeklis govju,
citu liellopu sugu, aitu un kazu €dinasana. Augsts ganibu zales patérins ir pamats
rentablai piena razoSanai. Lai uzlabotu ganibu produktivitati un zelmena kvalitati,
tiek mekletas un prakse parbauditas jaunas zalaugu Skirnes, no kuram var iegiit ar1
augstas seéklu razas. ES strat€gija ir uzsverta prasiba samazinat un riipigi sabalansét
mineralméslu un citu kimisko vielu pielietojumu lauksaimnieciba, tap&c svarigi ir
lai jaunas Skirnes biitu pieticigas un plastiskas, sp&jigas dot pietickami augstas
razas bez intensivas kimisko vielu pielietosanas.

Ganibu airene (Lolium perenne L.) pasaul€ ir viena no popularakajam un
nozimigakajam stiebrzalém. Ari miisu valsts apstaklos ganibu airenei ir loti licla
saimnieciska nozime. To izmanto s€to daudzgadigo zelmenu izveidoSanai ganibas,
s¢j plavas un audzgé ttrumos. Ganibu airene ir augs, kuru izmanto, galvenokart,
daudzgadigo zalaugu seéklu maisijumos séto ganibu ierikosanai. Nemot véra to, ka

5

Latvija selekcionétas Skirnes ir vietgjiem apstakliem vairak piemérotas neka
importétas, nepiecieSams attistit un paplasinat to séklaudzés$anu, lai komercialiem
audz&tajiem nodro$inatu pietickama daudzuma vietgjo ganibu airenu Skirnu s€klas
materialu. Tap&c ir nepiecieSamas papildus atzinas par ganibu airenes agrotehniku,
ieskaitot méslosanu, lai palielinatu tas produktivitati un seklaudzesanas efektivitati.

S1 darba mérkis bija noskaidrot lidz §im pietiekami neizpétitos ganibu airenes
seklkopibas s€jumu méslosanas jautajumus. Nemot v&ra ieprieks teikto, tika
izvirzita pétjumu hipotéze: ganibu airenes séklu razas un to kvalitati var
ievérojami palielinat sabalanséta mineralmeslojuma normu lietosana.

Pétijuma meérkis: noskaidrot mineralméslojuma optimizacijas ietekmi uz ganibu
airenes produktivitates veidoSanos Latvijas agroklimatiskajos apstaklos.

Darba uzdevumi:

» noteikt dazadu mineralméslojuma normu ietekmi uz ganibu airenes
virszemes biomasas razibu un razas kvalitati;

= noskaidrot ganibu airenes s€klu produktivitati noteicoSos faktorus un
struktiirelementus;

= noteikt svarigakos fitometriskos raditajus dazadi méslotos ganibu airenes
zelmenos;

= povertet mineralmeslojuma Iidzeklu agronomisko wun ekonomisko
efektivitati ganibu airenes s€klaudz&sanas s€jumos.

Péetijuma novitate:
= noskaidrota optimiz€ta mineralmeslojuma priekSrocibas produktivitates
veido$ana un kvalitates paaugstinasana;
= izpéfiti ganibu airenes razu veidojoSie struktiirelementi un fitometriskie
raditaji;
* noteikta mineralm@slu pielietoSanas efektivitate ganibu airenes
seklaudzesanas s€jumos.

Izvirzito darba uzdevumu veikSanai LLU agenttiras Zemkopibas zinatniskaja
institita laika posma no 1999. lidz 2001. gadam tika ierikoti un veikti atbilstosi
lauka izméginajumi. M@&slojuma pécietekmes pétijumi tika turpinati Iidz
2003. gadam. P&tfjumu rezultati ir apkopoti 10 zinatniskas publikacijas, no tam
5 publikacijas ir arzemju izdevumos un 8 publikacijas konferencu té€zu krajumos.
Par pétijumu rezultatiem ir sniegti 5 mutiski un 8 stenda zinojumi starptautiskas
zinatniskas konferencés. Uz izméginajumu bazes ir veikta zemnieku apmaciba,
organizgjot regionalos seminarus — lauku dienas.



IZMEGINAJUMA APSTAKLI UN METODES

Latvijas Lauksaimniecibas universitates (LLU) Lauksaimniecibas fakultates
(LF) izstradatas pétfjumu programmas ietvaros LLU agentiras Zemkopibas
zinatniskaja instittta (ZZI) laika posma no 1999. lidz 2003. gadam tika veikti
pétijumi, ierikojot lauka izméginajumus.

Pirmais izméginajums tika ierikots 1999. gada. Augsne — virsgji velénglejota,
puteklains smilSmals, vidgji iekultivéta, dren&ta. Augsnes pH KCl — 6.33,
organisko vielu saturs 23.1 g kg, augiem izmantojama fosfora saturs (P,Os) —
92.5, kilija saturs (K,0) — 110.7 mg kg™

Otrais izméginajums tika ierikots 2000. gada. Augsne — virsgji velénglejota,
smaga malsmilts, labi iekultivéta, drenéta. Augsnes pH KCl — 7.24, organisko vielu
saturs 25.6 g kg, augiem izmantojama fosfora saturs (P,Os) — 96.3, kalija saturs
(K,0) — 66.6 mg kg™

Tresais izméginajums ierikots 2001. gada. Augsne — velénpodzoleta virsgji
glejota, smilSmals, labi iekultivéta, drenéta. Augsnes pH KCl — 6.79, organisko
vielu saturs 19.3 g kg™, augiem izmantojama fosfora saturs (P,Os) — 156.0, kalija
saturs (K,0) — 142.3 mg kg™

Visos izméginajumos iepriek$gja gada rudenT pirms ganibu airenes sgjas tika
veidota melna papuve. Nezalu ierobezoSanai lauki tika apstradati ar herbicidu
raundaps, deva 4 L ha”'. Péc izmégindjuma iemérisanas atbilstosi izméginajuma
shémai katram izméginajumu laucinam atseviski tika izséti fosfora (granul&tais
superfosfats, 20% P,0s) un kalija (kalija hlorids, 60% K,0) mineralmésli.

Ganibu airenes s€ja visos izm&ginajumos veikta maija vidd, izmantojot
s€jmasinu ‘Nordsten’. Izséta tetraploidas ganibu airenes ‘Spidola’ sekla (digstspgja
99%), izsjas norma — 12 kg ha™, rindu attalums — 12.5 cm.

Nezalu ierobezo$anai visos izméginajumu gados ganibu airenes zelmeni
lietoja herbicidu MCPA 750 1.5 L ha™ maisijuma kopa ar granstaru 10 g ha™.

Lauka izm&ginajumos tika pétiti tris faktori (NPK) ar kopgjo variantu skaitu
17, kuri bija iekartoti 4 atkartojumos péc ta sauktas ,,zvaigznu” shémas (Xwukc,
1967) papildinot to ar kontroles variantu NoPoK, + absoliitais maksimums
Ni20P 120K 60- Laucina kopgja platiba 17.5 m? (5 m x 3.5 m), uzskaites — 13.5 m’
(4.5m x 3 m).

Datu apstrades nolakos, izm&gindgjumu varianti tika grupeti un kodgti
atbilstosi pielietota mé&slojuma normai. [zm&ginajuma salidzinati pieci méslosanas
limeni. Slapeklim — 0; 30; 60; 90 un 120 kg ha™ N, fosforam — 0; 30; 60; 90 un
120 P,0Os kg ha™', bet kalijam — 0; 40; 80; 120 un 160 kg ha K,0. Izméginajuma
variantu raksturojums, t.i. lietotais meslojums ir paradits 1. tabula.

Meteorologisko apstak]u raksturojumam izméginajuma veik$anas gados tika
izmantoti Skriveru meteorologiskas stacijas dati. Kopuma visos izm&ginajumu
gados meteorologiskie apstakli bija saméra labvéligi ganibu airenes aug$anai un
attistibai. Tomér vislabakie laika apstakli airenes razas veidoSanai bija 2002. gada,
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bet sliktakie — 2000. gada, — Sajos gados tika noverotas ar1 lielakas seklu razas
svarstibas.

1. tabula / Table 1
Variantu apzimé&jums un lietotas mineralméeslu (NPK) normas, kg ha™
Designation of treatments and applied plant nutrients (NPK), kg ha'

Variants / Variants /

Treatment N P05 K0 Treatment N P20s K0
NoPoKo 0 0 0 NeoPsoKi60 60 60 160
NoPG()KgO 0 60 80 N60P120K30 60 120 80

N3oP30K40 30 30 40 NooP30K4o 90 30 40

N3oP30K 29 30 30 120 NooP30K 29 90 30 120
N3oPooK4o 30 90 40 NooPooK4g 90 90 40

N3oPgoK 20 30 90 120 NooPooK 29 90 90 120
N60P0K80 60 0 80 N120P60K30 90 60 80

N60P60K0 60 60 0 N120P120K160 120 120 160
NgoPsoKso 60 60 80

Piezime. Pieraksta &rtibas labad turpmak $adi un analogiski apzim&jumi PgKgo
noradis attiecigi P,Os un K,O normu, izteiktu kg hal.

Note. Here and hereafter — PgoKgo and similar designates amount of P,O5 and K,0
in kg ha' respectively.

Izméginajumos ganibu airenes seéklu lauku 1. un 2. izmantosanas gada (2002.
un 2003.) no zelmena tika nemti zales paraugi fotosintetiskas darbibas
novértesanai, katra laucina noplaujot ar sirpi 0.5 m® lielu platibu. No noplautas
masas tika nonemts 200 g liels paraugs 2 atkartojumos. Paraugu izmantoja augu
lapu virsmas laukuma indeksa (LLI) noteikSanai. To noteica ar disku metodi
(Niciporovics u.c. 1961). Fotosintézes tira produktivitate (FTP) tika noteikta pec
Kidda, Vesta un Briggsa metodes (Ni¢iporovics u.c., 1961).

Ganibu airenes zelmena, trijos, 1. izmanto$anas gada izm&ginajumos no
1. plavuma tika uzskaitita zales zalas masas raza. Zalmasas paraugi tika nonemti no
seklu razai paredzetajiem laucipiem no tiem izplaujot 1 m” lielu platibu un
atrékinot $o platibu no scklu laucinu platibas. No katra mé&slojuma varianta
2 atkartojumos zelmeni noplaujot ziedéSanas sakuma tika nopemti 1 kg lieli
zalmasas paraugi, kurus nosvéra ar precizitati +0.01 kg. Paraugus izmantoja
sausnas noteik$anai (Zavéjot 105 °C temperatiira lidz nemainigai masai).

Pirms s€klu razas novaksanas no katra izm&ginajumu laucina 4 atkartojumos
ar ramiti no 0.05 m” lielas platibas tika nonemti 72 paraugkili razas struktiiras
analizei. Analiz&ja varpas produktivitati (stiebru skaitu, stiebru garumu, varpinas
skaitu varpa, seklu skaitu varpina), ko veica katram ievaktajam paraugam
2 atkartojumos. 1000 seklu masu noteica p&c standartmetodes (ISO 520).




Izturibu pret veldréSanos noteica pirms razas novaksSanas vizuali apsekojot
katru izm&ginajumu laucinu. Ta tika izteikta ball&s, pienemot, ka 9 balles ir tad,
kad veldres s€éjuma praktiski nav, 1 balle — s€jums visa laucina platiba ir sagilis.

Razas novaksanas laika no katra varianta tika nemti s€klas paraugi (aptuveni
0.2 kg katrs) seklas kvalitates un kimiska sastava noteiksanai.

Ganibu airenes s€klu raza novakta ar kombainu ‘Sampo 130°, seklu
pilngatavibas sakuma, nosakot gan s€klu, gan arT salmu razas. Razas dati izteikti
pie 100% seklu tiribas un 15% standartmitruma.

Augsnes paraugu analizes tika veiktas LLU Augsnes un augu zinatpu institiita
laboratorija. Augsnes granulometriskais sastavs noteikts izmantojot pipeteéSanas
metodi (ISO/DIS 11277). Humusa saturs noteikts p&c Tjurina metodes (LV ST ZM
80-91), augsnes reakcija — potenciometriski (ISO 10390). Augiem izmantojama
fosfora un kalija saturs noteikts péc Egnera—Rima (DL) metodes (LV ST ZM 82—
97).

Augu paraugu kimiskas analizes tika veiktas ZZI Analitiskaja laboratorija,
izmantojot Latvijas Valsts noteiktas standartmetodes: sausnu noteica paraugu
zavejot 105 °C temperatiira lidz nemainigai masai (ISO 6496), kopgjo slapekli pec
Kjeldala metodes (ISO 5983), kopproteinu — reizinot kopslapekla saturu ar
koeficientu 6.25. Taukus noteica péc Soksleta metodes (IOCT 1349.15-85),
kokskiedru péc Hennenberga—Stomana metodes (TOCT 13496.2-84), koppelnus —
paraugu sadedzinot mufelkrasni 550 °C temperatiira (ISO 5984). Fosfora, kalija un
kalcija noteikSanai tika gatavots pelnu izvilkums. Fosforu noteica kolorimetriski
(ISO 6491), kalciju — titrgjot ar trilonu B (ISO 6490/1), bet kaliju — ar liesmas
fotometru (LV ST ZM 82 — 97). Bezslapekla ekstraktvielas tika aprékinatas ka
starpiba starp kop&jo parauga masu un mitruma, koppelnu, kopproteina, koptauku
un kopgjas kokskiedras saturu augos. Sausnas sagremojamibu — p&c aprékinu
metodes (TOCT 24230-80).

Kimiskas analizes tika veiktas augu zalmasai, s€klai un salmiem. P&c razas
lieluma un s€klu un salmu kimiska sastava tika aprékinatas N, P,Os un K,0O
iznesas. Lai noskaidrotu augsné eso$o fosfora un kalija savienojumu un ar
mineralmésliem lietoto augu baribas vielu izmantoSanos, tika piclietota ,,starpibas”
metode.

Mgslosanas agronomiska efektivitate tika izskaitlota iegiito ganibu airenes
razas piecaugumu méslojuma ietekmé dalot ar patéréto augu baribas elementu masu.

Ekonomiskajiem aprékiniem izmantotas mineralméslu cenas, kadas tas vid&ji
bija 2008. gada peéc Lauksaimniecibas Tirgus veicinaSanas centra (LTVC) datiem.
Petijumos lietotajiem mineralméslu veidiem 1 kg slapekla tirvielas cena sastadija
0.70 Ls, fosfora (P,0s) — 0.90 Ls, kalija (K,0) — 0.54 Ls.

Dati statistiski analiz&ti, izmantojot dispersijas, korelacijas un daudzfaktoru
regresijas analizi (Excel).

IZMEGINAJUMU REZULTATI

Ganibu airenes produktivitate

Seklu raza. Vidgji 3 izméginajumu gados pa variantiem vidéja séklu raza
1. izmantoanas gada zelmenos sasniedza 591 kg ha”, bet 2. izmantosanas gada
zelmenos — 384 kg ha™', t.i. par 35% mazaka. Vidgji vislielaka ganibu airenes pirma
izmanto$anas gada seklu raza tika iegiita 2002. gada — 645 kg ha™', bet vismazaka —
485 kg ha™ —2000. gada.

P&tijumos konstatéts, ka atkariba no lietota méslojuma séklu razas picaugumu
ar 95% ticamibu ir nodro§inajusas visas slapekla méslojuma normas.

Pirmaja izmanto$anas gada dodot N mé&slojumu picaugosas normas — 30 — 60
— 120 kg ha™! salidzinajuma ar kontroles variantu (No) iegiiti séklu razas pieaugumi
attiecigi par 59.4 — 76.2 — 93.9 — 107.0%.

Tomér slapekla meslojuma efektivitate séklu razas palielinasana Iidz ar
méslojuma normu pieaugumu samazinajas, to apliecina aprékini par seéklu razas
picaugumu, izsakot uz 1 kg iedota N méslojuma. Lietojot normu N3y uz 1 kg N
méeslojuma iegiiti 5.9 kg seklu, bet Ngy, Ngy un Nypo s€klu pieaugumi uz 1 kg N
iegliti attiecigi 4.6, 3.6 un 3.1 kilogrami. Izveértgjot s€éklu razas pieaugumus no
katras nakamas N méslojuma normas salidzinagjuma ar ieprieksg€jo, konstatéts, ka
palielinot N normas no 30 uz 60 kg ha” uz 1 kg N iegiti tikai 1.9 kg séklu, bet
palielinot no 60 uz 90 un no 90 uz 120 uz katru N méslu kilogramu iegiti tikai
attiecigi 2.0 un 1.5 kg seklu.

Otraja izmantoSanas gada N méslojuma ietekme uz s€klu razu bija ievérojami
lielaka, — N meslojuma normu 30 — 60 — 90 un 120 ietekmé seklu raza
salidzinajuma ar kontroli pieauga attiecigi par 91.2 — 216.8 — 320.8 — 384.0 %. Sie
dati liecina par ieverojami lielako N méslojuma ietekmi un nozimi s€klu lauku
2. izmanto$anas gada.

Art kalija m@slojums pozitivi ietekméja seklu razu — ar katru nakamo kalija
méslojuma normu palielinajas s€klu razas pieaugums. Tomer statistiski bitisks
pieaugums pret kontroles variantu K, konstatéts tikai abu lielako kalija m&slojuma
normu lieto$anas variantos — 120 un 160 kg ha™' K,O.

Fosfora méslojumam uz ganibu airenes s€klu razas lielumu izteiktas ietekmes
likumsakaribas nav konstatétas. Visliclaka séklu raza iegiita varianta ar fosfora
méslojuma normu 90 kg ha™', tomér pieaugums nav biitisks ar 95% ticamibu.

Ganibas airenes s€klu lauku 2. izmantoSanas gada slapekla méslojuma
efektivitate bija sekojoSa: uz katru iedota N mé&slojuma N3, norma nodrosinajusi
3.8 kg seklu razas pieaugumu, bet lietojat Ngg — Nog — N0 attiecigi iegiiti 4.5, 4.5
un 4.0 kg s€klu uz kg pielietota slapekla.

Palielinot N normas no 30 Iidz 60, ar katru iedota N kg iegiti 1.9 kg seklu, no
60 11dz 90 un no 90 Iidz 120 — attiecigie s€klu razas pieaugumi bijusi 2.0 un 1.5 kg.
Sie dati apliecina, ka ganibu airenes ‘Spidola’ seklu lauki 2. izmantoSanas gada
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lielakus séklu razas pieaugumus nodro$ina palielinatas slapekla méslojuma normas
—t.i. Ngg kg ha'.

Ari 2. izmanto$anas gada vidgji vislielaka (554 kg ha™) ganibu airenes seklu
raza tika iegiita 2003. gada, bet vismazaka (259 kg ha™) 2001. gada. Lidzigi ka
1. izmanto$anas gada, ar1 2. izmantoSanas gada visos slapekla méslojuma variantos
iegtti butiski s€klu razas pieaugumi. ArT katra nakama kalija un fosfora méslojuma
norma ir devusi séklu razas pieaugumu pret kontroles variantu, kaut gan bitisks tas
ir tikai lielakas kalija méslojuma normas (K¢ kg ha™) varianta. Biitisks seklu
razas pieaugums iegits ar1 trijos fosfora meslojuma normu variantos — 60, 90 un
120 kg ha' P,Os (2. tab.). Gan fosfora, gan kalija norma P 60 kg ha un K
90 kg ha' 2. izmantosanas gada izsaukusas bitisku seklu razas pieaugumu
salidzinajuma ar mazako attiecigd méslojuma normu.

Rezumgjot miisu pétijumus par méslojuma ietekmi uz ganibu aireni séklu
lauku raziba 1. un 2. izmantoSanas gada zelmenos, var secinat, ka 1. izmantoSanas
gada efektivakas ir mazakas N normas — 30 un 60 kg ha™' — iegiiti 5.9 un 4.6 séklu
uz 1 kg dota N pret 3.6 un 3.1 kg dodot attiecigi Ngy un Njyg, turpreti
2. izmanto$anas gada no N normam — 60 un 90 kg ha” — abos gadijumos iegiiti
4.5 kg seklu uz 1 kg dota N pret 3.7 un 4.0 kg dodot attiecigi N3o un Njp.

Fosfora méslojums 1. izmantoSanas gada efektivaks bija ar normam 60 un
90 kg ha™ — iegati 0.28 un 0.34 kg seklu uz 1 kg dota P,Os. Otraja izmanto$anas
gada fosforam ir lielaka nozime salidzinot ar 1. izmantosSanas gadu: lietojot fosfora
normas — 60, 90 un 120 kg ha™ iegiiti 0.8, 0.4 un 0.4 kg séklu uz 1 kg dota P,0s.

Savukart, kalija méslojumam efektivaka norma 1. izmantoSanas gada bija Ky,
— jegiiti 0.85 kg seklu uz 1 kg K,0. Kalija normas 80, 120 un 160 kg ha™ devusas
attiecigi 0.48, 0.38 un 0.56 kg seklu razas pieaugumu. 2. izmanto$anas gada
zelmenos kalijam nav bijusi ievérojama nozime s€klu razas palielinasana.

Analizgjot s€klu razas piecaugumus kopa abos izmantoSanas gados konstatgts,
ka agronomiski efektivaka slapekla norma ir bijusi N3, — iegiits 10.6 kg s€klu uz
1 kg dota N, fosfora — Py — iegiits 1.1 kg se€klu un kalija — K;4 — iegiits 0.8 kg
s€klu uz 1 kg dota méslojuma tirvielas (2. tabula). Tatad, var prognozet, ka
agronomiski izdevigaka NPK méslojuma norma seklu laukos ir N3oPgKj 0.

Lai noteiktu lietoto baribas elementu kop€jo ietekmi uz ganibu airenes s€klu
razu, ka arT to mijiedarbibu, veikta regresijas analize atseviski katram
izméginajumu gadam. Iegiitos rezultatus apraksta pirmais un otrais vienadojums.

Pirmajam izmantosanas gadam:

Y = 32261 + 5.081 N + 0484 P + 092 K — 0.023 — N> — 0.007 P* +
+0.012 NP —0.009 - NK; R?=0.65 (1)

Otrajam izmantoSanas gadam:
Y =83.80+5.15N+0.39 P +0.16 K- 0.008 N*—0.0017 NP;
R*=10.76. ()
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2. tabula / Table 2
Ganibu airenes séklu razas pieaugumi kopa abos izmantoSanas gados
atkariba no NPK méslojuma, 2000. — 2003. gada
Seed yield increase of perennial ryegrass depending on NPK fertilizers,

2000 - 2003
Seklu razas pieaugums / Increase of seed yield, kg ha™!
. Séklu raza . salidzinot ar
Meslgj}lms / Seed salidzinot ar iepriek$gjo meslojuma
/ Fertilizer, . kontroli / RSg0s5/ p J ) RSq 05/
kg ha' yield, kg Compare to LSD devu / Compare to LSD,
& ha' P 005 previous dose of 005
control e
fertilizer
N P,05 — 60 kg ha'; K,O — 80 kg ha'

0 470 - - - -
30 788 318" 49.1 318" 49.1
60 1004 534" 46.3 216" 36.6
90 1195 725" 49.1 1917 36.6
120 1319 849" 56.7 124" 49.1

P,0s5 N - 60 kg ha™'; K,0 — 80 kg ha™!
0 957 - - - -
30 957 0 63.4 0 63.4
60 1022 65" 61.3 65" 36.6
90 1026 69" 63.4 4 36.6
120 1003 46 80.2 23 63.4

K,0 N — 60 kg ha™"; P,05 — 60 kg ha™!
0 949 - - - -
40 974 25 63.4 25 63.4
80 1004 55 61.3 30 36.6
120 1009 60 63.4 4 36.6
160 1083 134" 80.2 74" 63.4

* — batisks ar 95% ticamibu
* — significant at 95% level

Slapekla ietekme ir atkariga no zelmepa vecuma. Ta, s€klu lauku
1. izmantoSanas gada pakapeniski palielinot N normas no N3y Iidz Ny, s€klu raza
palielinajusies par 59.4 — 107.0%, bet vislielakie seéklu razas pieaugumi uz katru
dota N kg iegiiti ar slapekla méslojuma normam lidz 60 kg ha”, turpreti
2. izmanto$anas gada — palielinot N normu no 30 Iidz 120 s€klu raza pieaugusi par
91.2 — 384.0%, lielakie razas pieaugumi iegiiti ar N m&slu normam Nog_j59 kg ha.

Sadas likumsakaribas var izskaidrot ar to, ka 1. izmanto$anas gada biezakais
zelmenis veidojas lielaku N meéslosanas normu ietekmé vairak cie$ no parlieku
liclas veldres, ta zaudgjot dalu séklu razas, turpreti 2. izmantoSanas gada lielakas
slapekla mineralméslu normas veicina labaku zelmena veidoSanos, bet tas ir retaks
un veldre Seit izteikta ieveérojami mazak.

Zelmenu sausnas raZa. Lauka izméginajumos ganibu airenes zales razas
lielums un kvalitate tika izvert€ta 1. izmantoSanas gada 1. plavuma razai
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ziedgSanas sakuma. Vidgji 1. izmantoSanas gada augstaka zales sausnas raza tika
ievakta 2001. gada — 5.16 t ha™', vidgji trijos gados — 4.58 t ha™'. Salidzinot zales
razas pa dazadiem méslojuma foniem, pieradijas liela slapekla méslojuma nozime
razas veidoSana — visos slapekla méslojuma lietoSanas variantos tika iegti
statistiski bitiski ganibu airenes zales sausnas razas pieaugumi.

Vidgji pa trim izm&gindgjumu gadiem butisku razas pieaugumu nodrosinajusi
katra nakama lietota slapekla meslojuma norma, salidzinajuma ar ieprieksgjo (Neo
pret N3, Ngg pret Ngg, Nipo pret Nog). Tomer slapekla meslojuma normam picaugot
no Ny Iidz Ny, slapekla méslojuma efektivitate pakapeniski pazeminajas. Ta,
vidgji pa visiem PK fona variantiem un 3 izméginajumu gadiem N3, normas
ietekmé zales sausnas raza, salidzinajuma ar N, variantu, pieaugusi par 1.56 t ha™
ti. par 67% salidzinot ar kontroles variantu, — uz 1 kg dota N iegistot 52.0 kg
sausnas. Ngy normas ietekmé zales sausnas razas picaugums sastadija 2.30 t ha™
kas ir par 99% vairak neka kontrolg, bet uz 1 kg N iegtiti 38.3 kg zales sausnas. N
normas 90 un 120 attiecigi nodroSindja zales razas pieaugumus par 3.21 un
3.72 t ha' — par 138 un 160% vairak neka kontroles variantd, bet ziles razas
pieaugums uz 1 kg dota N bija tikai 35.7 un 31.0 kg sausnas. Relativi mazaka
slapekla méslojuma atdeve ar iegiito zales razu konstatéta N normai 120 kg ha™,
palielinot N normu no 90 lidz 120 kg ha™ uz katru iedoto N kg iegiiti tikai 17.0 kg
zales sausnas. Nosakot ganibu airenes zales sausnas razas izmainu ietekmes
korelacijas raditajus, ieglita jau iepriek§ pieminétd tendence — slapekla
méslojumam ir cie$a pozitiva korelacija ar zales sausnas razas lielumu (3. tabula).

ArT kalija méslojuma normu palielinasana ir atstajusi biitisku pozitivu efektu
uz zales sausnas razas picaugumu. 2001. gada un vidgji pa trim izm&ginajumu
gadiem (variantos Ky.169) zales sausnas razas pieaugums bija biitisks.

Turpretim fosfora méslojuma normas palielinaSanas rezultata iegitais razas
pieaugums nav bijis biitisks 95% ticamibas ITmenis, kaut gan pieauguma tendence
tas uzradija, iznemot 2002. gadu.

No NPK meéslojuma Iidzekliem vislielaka ietekme uz zales sausnas razas
lielumu bija N méslojumam — ta ietekmé zales raza pieauga lidz ar méslojuma
normu palielina$anu. T3, pakapeniski palielinot N normu no 30 lidz 120 kg ha
(30 — 60 — 90 — 120), zales raza salidzinajuma ar kontroles variantu (Ny) pieaugusi
attiecigi par 67, 99, 138 un 160%. Tomér vislielaka N meslojuma efektivitate,
rekinot p&c zales sausnas picauguma uz 1 kg dota N uzradijas N3y un Ny, variantos
(attiecigi 52.0 un 38.3 kg sausnas).

Dodot paaugstinatas N normas (Ngy un Ny), kopuma tika iegiits zales razas
pieaugums, tomer tas uz 1 kg iestradata N samazinajas, sastadot attiecigi 35.7 un
31.0 kilogrami. Tatad arT no efektivitates viedokla, der izvértet N méeslojuma
normu lieluma izdevigumu.

Fosfora méslojums pozitivi ictekmé&ja zales sausnas razibu tikai Iidz zinamai
normai — P,0s 30 kg ha™, turpmaka fosfora méslojuma normas palielina$ana tikai
uzradija pozitivu tendenci, bet zales razas pieaugumi nebija statistiski butiski.
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Palielinatas P méslojuma normas ietekmé (P5) zales sausnas raza nedaudz pat
samazinajas.

Kalija meslojuma pozitiva ietekme uz zales sausnas razas pieaugumu bija
liclaka neka fosfora méslojumam, — pat paliclinatas K méslojuma normas — 120 —
160 kg ha™ K,O deva statistiski biitiskus razas pieaugumus.

Meslojuma ietekme uz ganibu airenes kvalitati

Zales sausnas razas kvalitate. Zales razas kvalitati raksturo kimiskais
sastavs, kuru ietekmé augu biologiskas ipatnibas, novak$anas reZims un augSanas
faktori. Kopproteina saturs ir lopbaribas kvalitates noteicoSais raditajs.

Veiktajos izméginajumos kopproteina un bezslapekla ekstraktvielu saturs
zales sausna vidgji visaugstakais bijis 2000. gada — attiecigi 10.89% un 58.45%.
Turpmakajos gados Sie raditaji bija zemaki, turpretim kokskiedras saturs vidgji
izm&ginajuma visaugstakais bijis 2002. gada — 28.76%. Attiecigi arT sausnas
sagremojamiba vismazaka bijusi 2002. gada — 50.37%, bet vidgjais koptauku saturs
visaugstakais konstatéts 2001. gada — 3.12%. Kopproteina satura, ka ar1 ta
ievakumu ar zales razu ievérojami ietekméja slapekla méslojums. Ta, pie vienada
PK méslojuma (PgKsg) slapekla norma N, vidgji tris gados palielinaja kopproteina
saturu zales sausna par 0.14%, ta kopieguvi — par 218 kg ha™, bet slapekla normas
N, ietekmé kopprotena saturs vid€ji pieauga par 2.66%, kopieguvei palielinoties
par 502 kg ha™'. Tatad, slapekla méslojuma norma Ng, nodroinajusi kopproteina
ieguves pieaugumu salidzinot ar N, variantu par 98%, iegiistot 3.6 kg uz 1 kg dota
N, bet Ny norma palielindjusi koppproteina ieguvi par 226%, nodrosinot uz 1 kg
N — 4.2 kg koppproteina ieguvi.

Slapekla méslojumam ir bijusi cie$a pozitiva ietekme ari uz kopproteina un
koptauku satura izmainam ganibu airenes zales razas sausna, ka ar1 cieSa negativa
ietekme uz bezslapekla ekstraktvielu saturu. Analizgjot zales kvalitates raditajus
atkariba no fosfora un kalija méslojuma konstatéts, ka ne fosforam, ne kalijam nav
bijusi cieSa ietekme uz pétito kvalitates raditaju izmainam (skat. 3. tab.).

Izméginajumos kokskiedras saturs vidgji tris izméginajumu gados mainijas
robezas no 24.7% 1idz 29.0%. Palielinot NPK normas, kokskiedras saturs ganibu
airenes zales sausna bitiski nav palielinajies. Ganibu airenei ir laba sausnas
sagremojamiba, — izm&ginajumos vid&ji tris izmanto$anas gados ta bija 61%.
Bezslapekla ekstraktvielas (BEV) vidgji tiis izm&ginajumu gados bija 54.1%.
Palielinoties slapekla normam BEV saturs zales sausna samazinajas, tas ir logiski,
jo palielingjas kopproteina saturs.

Rezumgjot atzinas par mineralméslojumu ietekmi uz ganibu airenes sausnas
razas kvalitati var secinat: ka zales razas kvalitates raditajus visvairak ietekm&ja N
méslojums — ta iedarbibas rezultata pieauga gan proteina saturs zales sausna, gan
kopproteina kopieguve no hektara.

14



3. tabula / Table 3
Zales sausnas raditaju un NPK méslojuma normu sakaribas 1. izmantoSanas
gada 1. plavuma (korelacijas koeficienti)
Correlation coefficients for grass dry matter yield and its quality

Baribas elements Izméginajuma gads / Trial year o
/ Plant nutrient 2000 2001 2002 Videji/ Average
Zales sausnas razas izmainas / Changes in dry matter yield
N 0.90 0.87 0.92 0.95
P 0.47 0.42 0.24 0.39
K 0.41 0.50 0.40 0.46
Kopproteina satura izmainas / Changes in crude protein content
N 0.75 0.83 0.84 0.88
P 0.20 0.36 0.45 0.36
K 0.29 0.50 0.55 0.48
Kokskiedras satura izmainas / Changes in crude fiber content
N 0.11 0.55 0.23 0.41
P -0.04 -0.11 0.44 0.09
K -0.05 0.24 0.28 0.20
Koptauku satura izmainas / Changes in crude fat content
N 0.65 0.74 0.78 0.89
P 0.33 0.53 0.34 0.48
K 0.22 0.26 0.50 0.41
Bezslapekla ekstraktvielu satura izmainas / Changes in N—free extracts
N -0.61 -0.82 -0.72 -0.81
P -0.14 -0.27 -0.55 -0.36
K -0.19 -0.49 -0.56 -0.46
To.05 = 0.482

Ta, Ngo un Ny, variantos salidzinot ar Ny (Pgy Kgo fona) kopproteina saturs
zales sausna attiecigi pieauga par 0.14 un 2.66%, bet kopproteina ieguve no
hektara palielinajas par 98 un 226%.

Salmu raza un Kimiskais sastavs. [zméginajumos augstakas salmu razas
vidgji trTs gados tika iegiitas 1. izmanto$anas gada — no 1958 kg Iidz 5918 kg ha™',
2. izmantoanas gada — vidgji no 862 lidz 6013 kg ha™'. Palielinot slapekla normas,
palielingjas salmu raza (1. att.).

Slapekla méslojums ganibu airenes salmu razas lielumu 1. izmantoSanas gada
neietekm@ja. Par to liecina aprékini par salmu razas pieaugumu, izsakot uz 1 kg
iedota N méslojuma. Dodot N3y uz 1 kg N méslojuma iegiiti 49.2 kg salmu, dodot
Nio, Noo un N5 attiecigi 40.1, 33.9 un 31.49 kg ha™' salmu.
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1. att. Ganibu airenes salmu sausnas razas atkariba no méslojuma
(vidgji 3 izmantoSanas gados).
Fig. 1. Straw yield of perennial ryegrass in the I* and 2" production year
(in average for 3 trial years).

RS()_05 /LSD 0.05 — 576.2 ) RSvos /LSD 0.05 — 365.8

NPK meslojuma ietekm& mainijas kopproteina saturs salmos. Ta, 2000. gada
kontroles varianta (NoPyKy) salmu razas sausna kopproteina saturs bija 2.54%, bet
picaugot méslojuma normam tas palielingjas Iidz 5.19% (Ni20P120Ki60)-
Viszemakais kopproteina saturs bija 2001. gada, — kontroles varianta tas bija
1.89%, bet varianta NyyPp0Ki60 — 4.38%. Savukart 2002. gada tas attiecigi bija
2.11% un 4.59%. Tadejadi palielinot slapekla normas, pieauga arT kopproteina
saturs salmos.

Mgslojuma normas bitiski neietekm&ja kokskiedras saturu salmos.
Augstakais kokskiedras saturs salmos bija 2001. gada, — vidgji 43.55%, bet
kopproteina saturs $aja gada bija viszemakais, — vidgji 2.74%.

Koptauku saturu salmos vidgji tris izméginajumu gados bija 1.79%. Lietotais
méslojums koptauku saturu salmos bitiski neietekméja. Bezslapekla ekstraktvielu
(BEV) saturs salmu sausna vidgji trijos izméginajumu gados bija 50.32%. Ari BEV
saturu dazadas m&slojuma normas bitiski neietekméja.

Ta ka méslojuma ietekmé salmu kvalitate mainijas maz, tad arT ganibu airenes
‘Spidola’ salmu sagremojamiba NPK méslojuma normu ietekmé biitiski nemainijas
un sastadija vidgji 28.75%.

Fosfora méslojums pozitivi ietekm&ja fosfora saturu ganibu airenes salmos, —
vidgji tris izm&ginajumu gados tas palielinajas no 0.12% kontroles varianta lidz
0.16% N20P120K 69 varianta. Kalija méslojuma ietekmé ievérojami mainijas kalija
saturs salmos. Paaugstinatu kalija méslojuma normu ietekmé kalija saturs salmu

16



sausna palielinajas. Vid&ji tris izmantoSanas gados kalija saturs salmos bija 1.42%,
tas palielinajas no 1.24% kontroles varianta 1idz 1.62% NP1,0K 60 K,O varianta.

Mgslojumu normu palielinasana bitiski nav ietekm&jusi kalcija un magnija
saturu salmos. Vidgji tris izméginajumu gados tas bija 0.24% CaO. Savukart
magnija saturs vid€ji pa trim izméginagjumu gadiem bija 0.13% MgO -
visaugstakais tika iegiits 2002. gada — 0.16%.

Seklu Kimiskais sastavs. Izméginajumos tika izvertetas s&umu
1. izmantoSanas gadu scklas. Paliclinot slapekla méslojuma normas pieauga
slapekla saturs s€klas. Vidgji tris izm&ginajumu gados tas bija no 1.67% varianta
NoPeoKgo 11dz 2.11% wvariantd Njp0PsoKgo). Augstakais slapekla saturs ganibu
airenes séklas bija 2000. gada izmégindjuma varianta NjyPgKgy — 2.37%.
Mgslojuma normu palielinaSana bija ietekm&jusi slapekla saturu seklas.

Fosfora satura séklas NPK méslojumu normu palielina$ana nebija batiski
ietekméjusi, — vidgji tris izm&ginajumu gados tas bija 0.40%. M&slojuma normu
palielinasana butiski bija ietekm&jusi kalija saturu seklas. Vidé&ji tris izm&ginajumu
gados tas bija paliclingjies no 0.50% varianta NoPoK, lidz 0.74% varianta
N90P30K120 _]eb par 24%.

Ganibu airenes raZzibu noteicoSie faktori un razas struktiirelementi

Veldre — viens no bitiskiem faktoriem, kas nosaka un ietekmé séklu razu.
Slapekla méslojuma normu palielinaSanas rezultata ganibu airenes veldres izturiba
samazinajas. Pirmaja zelmepa izmantoSanas gada variantos bez slapekla
méslojuma veldre bija nieciga, bet 2. izmantoSanas gada — tas vispar nebija.
Variantos ar slapekla méslojumu normu 30 un 60 kg ha' jau vargja novérot
veldrésanas pazimes, bet normas sasniedzot 90 kg ha™' un vairak, bija novérojama
spéciga zelmena veldrésanas.

Kopuma lielaka veldre tika noveérota 1. izmantoSanas gada zelmenos —
vidgjais veldres izturibas vertejums bija 4.90 balles pret 6.73 otraja izmantoSanas
gada. Tapat atSkiribas var€ja noverot pa gadiem. Pirmaja izmantoSanas gada
s€jumam visvajaka veldres izturiba bija 2001. gada — vidgji tikai 3.87 balles, tacu
Saja gada 2. izmantoSanas gada s€jumam bija vislabaka veldres izturiba — vidgji
7.35 balles. Veldres izturibu var skaidrot ar ganibu airenes zelmena biezibu —
1. izmantoSanas gada tas ir biezs, labi sacerojis un lidz ar to veldres izturiba ir
zemaka, bet 2. izmantoSanas gada zelmenis ir jau izretojies, palicis skrajaks, tadel
arT veldres izturiba ir augstaka. Ganibu airenes s€juma veldres izturibu ir tie$a méra
saistams ar s€juma biezibu — rezultati parada, ka 2. izmanto$anas gada sgéjumu
bieziba bija vidgji par 305 augiem uz kvadratmetru mazaka neka 1. izmantoSanas
gada. Stipri saveldréta s€juma lapas un stiebri noéno cits citu un fotosintézes
intensitate samazinas gaismas un CO, trikuma dgl.
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2001. gada ierikotajos izmé&ginajumos vid&a veldres izturiba pa
izmégindjuma variantiem bija lidziga abos turpmakas izmanto$anas gados —
pirmaja, 2002. gada — 5.74 balles un otraja, 2003. gada — 5.85 balles.

Korelacijas analizes rezultati uzrada cieSu negativu korelaciju starp slapekla
méslojuma normas lielumu un veldres izturibu. Visos gadijumos korelacija ir
butiska — parsniedz kritisko vertibu ry s = 0.482. Kopa pa 6 gadiem (3 pirmas un 3
otras izmantoSanas gadi) N ietekme ir pat vél lielaka — r = -0.986. Turpretim ne
fosfora, ne kalija mé&slojuma normu izmainas neuzradija bitisku korelaciju ar
ganibu airenes veldres izturibu 95% ticamibas Itmeni. P&tfjumi, par veldréSanas
pakapi dazada vecuma zelmenos apliecinaja, ka 1. izmantoSanas gada s€klu laukos
veldre izpaudas ievérojami stiprak, kas zinama méra negativi ietekmgja s€klu razu.

Zelmena bieziba. Slapekla meslojums bitiski ietekmgja zelmena biezibu,
veicinot labaku augu cero$anos un jauno dzinumu skaita palielinasanos uz platibas
vienibu. Seviski pozitiva nozime tam ir s€klu lauku 2. izmanto$anas gada, kad
zelmenis izretojas. Ar Siem pétfjuma rezultatiem var pamatot iepriek§ minétas
likumsakaribas par slapekla mé&slojuma butisko ietekmi uz s€klu razas veidosanos
vecakos, 2. izmantosanas gada zelmenos.

Korelaciju analize parada, ka slapekla méslojumam ir bijusi cieSa, ka arT
statistiski butiska (1. > 190s) pozitiva ietekme uz s€jumu biezibu it Tpasi s€juma
otraja izmantoSanas gada, ka arT s§juma pirmaja izmantoSanas gada 2001. un 2002.
gados. Tacu ne fosfora, ne kalija méslojuma ietekmes bitiskums pie 95%
ticamibas ITmena nepieradas.

1000 seéklu masa. Slapekla méslojums nav biatiski ietekméjis 1000 s€klu
masu. AtSkiribas bija noverojamas tikai pa gadiem. Tas norada uz to, ka konkr&ta
gada meteorologiskie apstakli iepem svarigu vietu starp razu ietekmé&joSiem
faktoriem. Atseviski pa gadiem visaugstaka 1000 s€klu masa zelmena
1. izmanto$anas gada bija 2001. gada — no 3.04 grami NyP,K, varianta lidz 3.35
gramiem NgPgKiyy variantd, jo Saja gada bija visaugstakais hidrotermiskais
koeficients — 2.53, kas labveligi ietekm&ja 1000 s€klas masas pieaugumu. Vidgji
3 izmantoSanas gados, gan 1. un 2. s€klu lauku izmantoSanas gada N norma lidz
60 kg ha™ 1000 seklu masu palielinaja tikai nedaudz, neparsniedzot matematiskas
kliidas robezas (attiecigi par 0.03 un 0.05 g), bet N normas 120 kg ha™ ietekm@
1000 seéklu masa 1. un 2. izmantoSanas gada attiecigi picauga par 0.15 un 0.09 g,
kas ir statistiski butiski (RS 5 — 0.093 un 0.081).

Analizgjot 1000 s€klu masas un lictota méslojuma sakaribas, korelacijas
koeficienti 1. izmantoSanas gada bitiski bija tikai ar slapek]a meslojumu — 2000.
gada r = 0.58, 2001. gada r = 0.71 un vid&ji pa 1. izmantoSanas gadiem r = 0.78.
Otraja zelmena izmantoSanas gada katra gada (2001, 2002, 2003) un vidgji pa
visiem gadiem — korelacija bija loti zema, bet vid&ji trijos gados ar minusa zimi
r = -0.06. Fosfora un kalija m&slojums ne 1., ne arT 2. izmantoSanas gada butiski
1000 seklu masu neietekméja.

Stiebru garums. Ta ka veldréSanas zinama méra ir atkariga no stiebru
garuma, tad ir veikti p€tfjumi par stiebru garuma nozimi razas veidoSana.
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Trisgadigie 1. izmanto$anas gada dati liecina, ka slapekla méslojums vidgji visos
gados stiebru garumu palielinajis par 13 c¢m salidzinot ar nemésloto variantu, bet
2. izmantoSanas gada — par 9 cm. Abos izmanto$anas gados slapeklim ir bijusi liela
loma stiebru garuma palielinasana, par to liecina bitiska pozitiva korelacija
(r=0.90unr=0.94).

Varpinu skaitu varpa ganibu airenes zelmena abos izmantoSanas gados
dazadas NPK méslojuma normas biitiski neietekméja. Kritiskais r s koeficients —
0.482. Noverota tendence, ka varpinu skaits varpa ganibu airenes s&umos
2. izmantoSanas gada, salidzinot ar 1. gadu, vid€ji samazinas no 18.2 lidz 17.0
varpinam.

Seéklu skaitu varpina slapeklis un kalijs nav butiski palielinajis, toties fosfora
méslojums uzrada biitisku pozitivu korelaciju (r = 0.65) ar s€klu skaitu varpina.
Tomeér seklu skaits varpina lielaka mera ir atkarigs no klimatiskajiem apstakliem,
bet mazaka méra no méslojuma.

Analizgjot korelativas sakaribas starp seklu razu veidojosajiem raditajiem, var
konstatgt, ka kopuma pa visiem mésloSanas variantiem pastav negativas sakaribas
starp veldres izturibu un visiem pargjiem s€klu razu veidojosajiem raditajiem
(4. tabula). Sakariba bija biitiska negativa 95% ticamibas Itmeni starp veldres
izturibu un varpinu skaitu varpa, bet vél izteiktaka, butiska negativa 99% ticamibas
Itmend, starp veldres izturibu un paréjiem raditajiem.

ArT stiebru skaitam uz kvadratmetru un stiebru garumam korelacijas analize
uzradija butiskas sakaribas ar visiem pargjiem pétitajiem raditdjiem. Abiem Siem
raditajiem bija butiska negativa korelacija ar veldres izturibu — pieaugot stiebra
garumam un s€juma biezibai, veldres izturiba ganibu airenei ir samazinajusies.
Ciesa pozitiva sakariba konstatéta starp stiebru skaitu un stiebru garumu — biezaka
s€juma savstarp&jas konkurences apstaklos ganibu airenes stiebri izauga garaki.

Palielinats stiebru skaits uz platibas vienibu un lielaks stiebru garums pozitivi
korelgjis arT ar 1000 séklu masu, ka ar ar varpinu skaitu varpa un it ipasi séklu
skaitu varpina. Seklu skaits varpina uzradijis butisku pozitivu ietekmi uz 1000
s€klu masu pie 99% ticamibas [Tmena. Starp varpinu skaitu varpa un seklu skaitu
varpina sakaribas nav biitiskas 95% ticamibas IimenT.

Ganibu airenes fitometriskie radrtaji

Lapu virsmas laukuma indekss (LLI) ir raditajs, kas rada, cik reizes lapu
virsma ir lielaka par augu aiznemto augsnes platibu, un tas ir viens no
svarigakajiem fitometriskajiem raditajiem. Lapu daudzums zelment ir Joti svarigs
raditajs, jo lapas saista Saules energiju un tajas notiek fotosintéze.

Ganibu airenes zelmenu 1. izmantoSanas gada vidgjais lapu virsmas laukums
bija 7.11 m* m™ augsnes. LLI atkariba no méslojuma normam vidgji izmanijas no
3.83 (NoPoKy) I1idz 9.24 m’ m? (N129 P1ag Kio). Lielakais konstatets variantos ar
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augstako slapekla méslojuma devu. LLI liela méra ietekmgja zelmenu vecums un
laika apstakli lapu veidoSanas laika.

Korelativas sakaribas starp ganibu airenes séklas razas

veidojoSajiem raditajiem
Correlation among perennial ryegrass seed yield forming indices

Raditaji /
Indices

Veldres

izturiba /
Lodging
resistance

1000 seklu
masa / 1000
seed weight

-0.63"

1000 seklu
masa / 1000
seed weight

Stiebru skaits
/ Number of
stems

-0.87"

ke

0.61

Stiebru
skaits /
Number of
stems

4. tabula / Table 4

Stiebru
garums /
Length of
stems

-0.93"

5

0.57

ok

0.94

Stiebru
garums /
Length of

stems

Varpinu skaits
varpa /
Number of
spikelets per
ear

-0.49"

0.23

0.54

0.60

Varpinu
skaits
varpa /
Number of
spikelets
per ear

Seklu skaits
varpina /
Number of
seeds per

spikelet

-0.90"

0.62

0.82

0.88

0.28

Too05 = 0482, Too1= 0.606

Otraja izmantoSanas gada vairak izpaudas slapekla méslojuma nozime ganibu
airenes augs$ana un attistiba. Vidgji visos slapekla méslojuma lieto$anas variantos
iegliti butiski augstaki lapu virsmas laukuma indeksi salidzinajuma ar kontroles
variantu. Otraja izmanto$anas gada vidgjais LLI 3.87 m? m™>. Ta 2. izmantoSanas
gada zelmeni lapu laukuma indekss bija ievérojami mazaks neka ieprieksgja
izméginajumu gada un svarstijas no 1.25 (NoPoKo) [idz 7.25 (N120P 120K 60). To var
izskaidrot ar to, ka ganibu airene ir stiebrzale ar loti strauju attistibu sakotngja
augSanas perioda, — sakot jau ar séSanas gadu, ka arT ar bitisko zelmena biezibas
samazinasanos otraja izmantoSanas gada. Lapu laukuma virsmas indeksa
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ievérojams samazindjums turpmakajos izmantoSanas gados liecina, ka ilgstosu
ganibu airenes produktivitati nevar prognozet.

Fotosintézes tira produktivitate (FTP) ir svarigs raditajs zalaju zelmenos.
Ta raksturo lapu fotosintétisko darbibu un rada sausnas picaugumu uz lapu
laukuma platibu laika vieniba.

Starp m@slojuma variantiem un FTP pastav ciesa negativa korelativa sakariba.
FTP 2002. gada varianta bez slapekla méslojuma strauji picauga junija pirmaja
pusg, turpretim slapekla meslojuma variantos, it Ipasi ar lielakajam méslojuma
nelabveligi laika apstakli, stipras lietus gazes, kas saveldréja zelmeni (HTK jiinija
bija 3.58). Ar1 vidgji 2002. gada noverojumu perioda laika FTP uzrada ciesu
negativu un statistiski batisku (p>0.05) korelaciju ar lietota slapekla méslojuma
normu.

Otraja izmantoSanas gada FTP visaugstaka bija jinija sakuma, tacu jau
augstam gaisa temperatiram un izteiktu nokri$nu deficitu (I mm) Saja laika
perioda. Augi nelabvéligos laika apstaklos patéré uzkratas baribas vielas, tadel FTP
pieaugums neparadas. Korelativas sakaribas starp FTP un lietoto slapek]a
méslojuma normu neviena no paraugu nemsanas reizém nav statistiski butiskas.

Salidzinot vidgji abu izmantosanas gadu rezultatus var secinat, ka, tapat ka
lapu virsmas laukuma indekss, art FTP lielaka bijusi ganibu airenes
1. izmanto$anas gada — 5.30 pret 3.30 g m™ diennakti 2. izmanto$anas gada. Tas
liecina, ka ganibu airene ir atras attistibas zale un raksturojas ar fitometrisko
raditaju samazinasanos jau sakot ar 2. izmanto$anas gadu.

Fotosintétisko darbibu ievérojami ietekmé laika apstakli. Ta samazinas gan
stipri lietainos laika apstaklos ar pazeminatu gaisa temperatiiru, gan ari parmerigi
sausa laika mitruma deficita apstaklos ar paaugstinatu gaisa temperatiiru.

Méslosanas agronomiskas efektivitates vértéjums

Lai novérttu lietota meslojuma agronomisko efektivitati, tika izmantoti $adi
vertesanas kriteriji: NPK iznesa; NPK izmantoSanas no pielietotad m&slojuma; NPK
bilance; PK izmantoSanas no augsné esoSajiem to krajumiem; razas pieaugums no
1 kg pielietota méslojuma.

Iznesa. Aprékins tika veikts, nemot vera iegiito attiecigd razas komponenta
sausnas masu (s€klas, salmi, pelavas) no viena hektara un baribas elementa
koncentraciju noteikta komponenta sausna. Analiz&jot ieglitos datus, skaidri
paradijas tendence, ka: 1) palielinot attieciga elementa daudzumu méslojuma,
pieauga ta iznesa (R* = 0.950); 2) citu elementu palielindgjums méslojuma
palielinaja slapekla un fosfora iznesi ar razu, tacu sakaribas nav aprakstamas ar
paru korelaciju.
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Kopuma augu baribas elementu saimnieciska iznesa (tas, kas ik gadus tiek
novakts no lauka) maksimali sasniedza 125.96 kg ha' N, 37.88 kg ha! P,Os un
247.01 kg ha' K,O (2. att.). To novéroja varianta, kur mésloganas norma bija
vislielaka — attiecigi NiyoP120Ki¢0. Tad€jadi var uzskatit, ka ganibu airene, to
audzgjot seklu ieguvei, ir vid€ji prasiga attieciba pret slapekla, bet prasiga —
attieciba pret kalija meéslojumu.
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2. att. Slapekla iznesa atkariba no NPK méslosanas normas.
Fig. 2. Nitrogen removal depending on fertilizer use.

Slapekla izmantoSanas koeficienta saistiba ar pielietoto N méslojumu ir
paradita 3. attéla.
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3. att. Slapekla izmantoSanas atkariba no N mé&slosanas normas, % (p>0.01).
Fig. 3. Nitrogen utilization from N applied, %.
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Saja gadijuma ka atskaites punkts tika nemts fona variants. Determinacijas
koeficients nav augsts, jo N iznesi un lidz ar to izmantosanos ietekmé ari P un K
méslojuma normas (faktoru mijiedarbiba). Lidziga likumsakariba tika novérota
attieciba uz kalija izmantoSanos. Kontroles varianta gada vidgja K,O iznesa
sastadija 23.18 kg ha™', fona variantd (NgyPgo) — ievérojami (2.75 reizes) vairak —
63.75 kg ha'. Lidz ar to, aprékinos par bazi izmantojot fona variantu, pie N
lietoSanas normam zem 60 kg ha' ieguva negativas kalija méslojuma izmanto3anas
koeficienta vertibas.

Kalija izmanto$anas koeficientam nevargja novérot logisku kopsakaribu ar
doto kalija méslojumu, tacu pastavéja zinamas likumsakaribas ar pielietoto
slapekla mé&slojumu.

Augu baribas elementu bilance. Augu baribas elementu bilance ir starpiba
starp noteikta laika perioda augsn€ ienesto un no turienes iznesto augu baribas
elementu masu.

Vertgjot iegiitos rezultatus, var secinat, ka:

= ienesot augsné 90 — 120 kg ha™' N, slapek]a bilance bija 45 — 67 kg ha™,

jeb 187 — 232%, kas daudzgadigam zalém ir pienemams raditajs;

= labveliga fosfora bilance veidojas variantos NggP30K 29 un NggP30Kyy, t.i.,

dodot pietiekosi N, bet méreni — P meslojumu;

= ja kalija méslojuma norma ir mazaka par 80 kg ha™' KO, tad ta bilance

veidojas negativa. TaCu npemot vera arl citu baribas elementu
mijiedarbibu, kas ietekm@ razas lielumu, ikgad@am kalija daudzumam
biitu jabiit ne mazakam par 120 kg ha™ K,0.

Augu baribas elementu izmanto$anas no augsné esosajiem to krajumiem.
Saimniecisko PK iznesi (séklas, salmi un pelavas) attiecinot pret So elementu
krajumiem augsng, tika aprékinats PK izmantoSanas koeficients. Tas rada
procentuali cik $o augu baribas elementu gada laika no kop&jiem augsné esosajiem
krajumiem var tikt aizvakti no lauka ar razu. Aprékinu rezultati ir sakopoti
5. tabula.

5. tabula / Table 5
PK izmantoS$anas no augsnes %, vidéji divos airenes izmantosanas gados
Soil PK utilization, % average for 2 year period

. 1999 — 2001 2000 — 2001 2001 — 2002
Variants P,0; K,0 P,0; K,0 P,0; K,0
NoPoKo 0.69 421 0.62 756 0.41 332
NeoPoKso 119 < 1.84 x 0.31 x
NeoPeoKo x 938 x 27.58 x 787

Ikgadgja augsnes fosfora izmanto$anas nav augsta, ta svarstas robezas no 0.41
lidz 1.84%, pie kam izteikti augstaka ta bija varianta, kur tika lietots slapekla un
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kalija méslojums. Kalija izmanto$anas bija ievérojami augstaka un seviski liela ta
bija variantos, kur tiek lietots slapekla un fosfora méslojums. Tapéc kalija
nodros§inasanai ar mésloSanas lidzekliem ir japiever§ pienaciga vériba, jo ganibu
airene ir pieskaitama pie kultiraugam, kas ir prasigi attieciba pret So baribas
elementu.

Séklu razas pieaugums no 1 kg pielietota méslojuma. Razas pieaugums,
rekinot uz vienu kg pielietota méslojuma, ir raditajs, kuru var izmantot meslosanas
efektivitates vertgjumam. Ganibu airenes s€klu razas pieaugums uz katru pielietoto
NPK tirvielas bija no 0.40 lidz 2.23 kg seklu (4. att.).
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4. att. Ganibu airenes seklu razas pieaugums no 1 kg lietotas NPK tirvielas, kg.
Fig. 4. Increase in seed yield of perennial ryegrass from 1 kg NPK applied, kg.

Lai celtu mésloSanas efektivitati, normu samazinajums acimredzami nav
risinajums, jo tad, atbilstosi eksperimenta rezultatiem, biitu ieverojami jaierobezo
kalija mineralméslu lietoSana, kas negativi atsauktos uz ta bilanci augsng, jo kalija
iznesa ar ganibu airenes razu bija ievérojama.

Ganibu airenes seklaudzeéSanas ekonomiskais vertejums

Veiktajos izméginajumos ganibu airenei 1. izmanto$anas gada s€klaudz€sanas
izmaksas sastadija no 168.52 Ls ha' (NoPeK,) lidz 491.58 Ls ha’ varianta
Ni20P120K160. Augstako bruto ien@mumu ieguva pie NggPooKyg — 690.72 Ls ha™.
Sadas izmaksas un ienémumi tika iegitas tad, ja ganibu airenes seklu laukus
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izmanto tikai 1 gadu. Ja s€klu laukus izmanto 2 gadus, tad pastavigas izmaksas
(zelmena ierikoSanas izdevumi) samazinds 2 reizes, kopuma zinama méra
pazeminot kopg&jas izmaksas (no 168.52 lidz 130.35 Ls ha™). Vidgji divu
izmanto$anas gadu ganibu airenes séklaudzé$anas kop€jas izmaksas sastadija no
130.35 Ls ha’l (N()P()K()) lidz 427.43 Ls ha'l (N120P120K160). Augste'lko bruto
iepémumu 1609.27 Ls ha’ ieguva variantd N»PgKgo jeb par 3.4 reizém vairak
neka kontroles varianta.

Ja izmanto ganibu airenes seklu laukus tikai 1 gadu, tad vidgjie iep€mumi
visiem izméginajumu variantiem sastadija 535.00 Ls ha”, ja seklu laukus
izmantoja 2 gadus, vidgjie ienakumi no ha bija 1173.71 Ls, t.i. par 638.71 Ls ha™
vairak. Tatad, izvert€jot no ekonomiska viedokla, pieradijas, ka saimnieciski
izdevigi ir ganibu airenes s€klu laukus izmantot 2 gadus — neraugoties uz nedaudz
zemako s€klu razu, tika panakts zinams izdevumu samazinajums pie séklu lauku
ieriko$anas un kopuma tika sasniegti lielaki bruto ien@mumi.

SECINAJUMI

Balstoties uz tris izmégindgjumu gadu veiktajiem lauka eksperimentiem un
atbilstosam analizém, tiek izdariti $adi secinajumi.

1.  Ganibu airenes s€klu razas Iimeni biitiski ietekmgja vairaki faktori:

= méslojums, — vidgji pa visiem NPK variantiem 1. izmantoSanas gada
seéklu lauku produktivitate salidzingjuma ar kontroli (NoPoKy)
paliclinajas 1.9 reizes (591 kg ha' pret 311 kg ha' seklu)
2. izmanto3anas gada — 3.8 reizes (384 kg ha™' pret 102 kg ha™' seklu);

= seklaudzeSanas s€jumu vecums, — 1. izmantoSanas gada s€klu laukos
vidgja 3 izméginajumu gadu séklu raza sastadija 591 kg ha”, bet
2. izmanto3anas gada — 384 kg ha™', t.i. par 35% mazak;

= meteorologiskie apstakli séklu veido$anas un séklu razas novaksanas
laika, — vislabvéligakaja ganibu airenes augSanai 2002. gada
1. izmanto$anas gada zelmeni ieguva vidgji 646 kg ha™', bet samera
nelabvéligakaja 2000. gada — 485 kg ha™, t.i. par 25% mazak.

2. No NPK meéslojuma komponentiem vislielaka ietekme uz ganibu airenes
seéklu razu bija slapeklim, pic kam ta efektivitate atSkiriga dazados scklu
lauku izmantoSanas gados, — ievérojami liclaka ta bija 2. izmantoSanas gada:
1. izmantoSanas gada palielinot N normas no N3, [1dz Ny salidzinajuma ar
kontroles variantu tika iegiits séklu razas pieaugums par 59.4 — 107.0%, bet
2. izmantoSanas gada tas attiecigi bija 91.4 — 384.0 procenti.

3. Ganibu airenes zales sausnas razas [tmeni NPK meslojuma lidzekli ietekmgja
sadi:

= vislielaka iedarbiba bija N meslojumam, — ta ietekme@ zales sausnas raza
pakapeniski pieauga lidz ar N mineralméslu normu palielinasanu:
palielinot normu no 30 Iidz 120 kg ha™ ziles raza attiecigi pieauga par
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10.

67 — 160%, salidzinot ar kontroli, tomér zales sausnas razas pieaugums
uz 1 kg dota N lidz ar m&slojuma normu palielind$anu zinama méra
samazinajas, — dodot N3, uz 1 kg N tika iegiiti 52.0 kg zales sausnas, bet
dodot leo — tikai 31.0 kg,
= fosfora méslojums pozitivi ietekméja zales sausnas razibu, tacu tikai lidz
zinamam limenim — P,0s 30 kg ha”'. Turpmaka fosfora mineralméslu
normu palielinasana zales razas palielinaSana uzradija tikai pozitivas
tendences, tacu nebija bitiska.
= kalija meslojums salidzinajuma ar fosfora, zales razu ietekméja vairak, —
zales sausnas raza bitiski palielinajas lidz pat maksimali lietotajai
normai.
Zales razas kvalitates raditajus visvairak ietekmé&ja N mé&slojums: ta iedarbiba
ievérojami pieauga gan proteina saturs zales sausna, gan arl proteina ieguve
no hektara. N4y un Ny variantos (PgoKgy fona) kopproteina saturs zales
sausna palielingjas par 0.14 un 2.66%, bet ta ieguve no ha — attiecigi par 98
un 226%; N meéslojums relativi vairak sekmégja kopproteTna Iimena
paaugstinasanos un ta ieguvi no ha neka zales sausnas razas picaugumu.
Slapekla méslojums bitiski ietekm&ja s€klu lauku zelmena veidoSanos: ta
iedarbiba paliclinajas zelmena bieziba, sticbru garums, lidz ar ko samazinajas
veldres izturiba. 1. izmantoSanas gada tas radija negativas sekas un dalgji
samazinaja s€klu razu, bet 2. izmantoSanas gada, tas veicindja ceroSanos.
Varpinu skaits varpa, seklu skaits varpina, 1000 seéklu masa maz mainijas
NPK méslojuma ietekmé.
Ganibu airene ir atras attistibas stiebrzale, par to liecindja ievérojami
intensivaka fotosintetiska darbiba zelmena 1. izmantoSanas gada. Veidojas
lielaka lapu laukuma virsma (vidgji 7.11 pret 3.87 m* m?), bija augstika
fotosintézes produktivitate (vidgji 5.30 pret 3.30 g m? diennakti).
Lapu laukuma virsmas indeksu un fotosintézes tiro produktivitati butiski
palielinaja slapekla meslojums, ka arT paaugstinats kalija méslojums, bet
neietekméja fosfora meslojums, tomer vislielaka méra Sos raditajus ietekmé&ja
meteorologiskie apstakli lapu veidoSanas laika un zelmena vecums. LLI
ievérojami samazinajas nelabveligos laika apstaklos un jau 2. izmantoSanas
gada (3. dzivibas gada) zelmenos.
No izméginajumos pielietotajam NPK méslojuma normam agronomiski
labveligaka bija — NooP30K 0, $2ja varianta tika sasniegta augstaka méslojuma
izmantoSanas gan 1., gan 2. ganibu airenes s€klu lauku izmantoSanas gada.
Saimnieciski izdevigak ganibu airenes s€klu laukus izmantot 2 gadus, jo
neraugoties uz nedaudz zemako s€klu razu, tiek panakts zinams izdevumu
samazinajums un lidz ar to ien@mumi no ha zinama méra ienakumi picaug.
Lai panaktu racionalu un ekologiski drosu NPK mineralméslojuma
izmanto$anos ganibu airenes séklaudzé$anas s€jumos jacenSas pielietot
méslojuma normas, tuvinatas augu baribas vielu iznesam ar razu (sékla +
salmi), nodrosinot N:P:K attiecibu 1:0.3:2.0.
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INTRODUCTION

Developing and strengthening agriculture as an economic sector competitive
in European Union (EU) common market, including production of perennial grass
seed material corresponding to world market requirements, on the level of quality
and production costs competitive with seed material offered by other countries.

Readjustment of seed production system is of national importance, so that
Latvian seed producers would have a possibility to offer their product for
marketing in Europe and satisfy needs for herbage seed material in our country.
Seed production economics is formed both by biological, genetic and economic
factors, which are, to a great extent, influenced by proper choice of seeds of
pasture crop varieties and most suitable technologies.

Seed production is a long and complicated process, which requires detailed
investigation, knowledge, experience and technical provision to produce seed
material comparatively cheap and corresponding to the State quality standards.
According to information data presented by the Ministry of Agriculture, the total
area under perennial grass seed fields in Latvia occupied 1778.16 ha in 2008,
including perennial ryegrass seed production fields, which occupied 186.26 ha, out
of which 101.26 ha were devoted to perennial ryegrass ‘Spidola’.

Research results and farmers’ long-term experience in Latvia show that high-
yielding herbage swards with sustainable producing capacity are formed using
grass varieties developed and seeds produced under local soil and climatic
conditions. Cultivation of high-yielding herbages and production of corresponding
grass forage provide the foundation for livestock farming. Thus, for instance, in
Europe the area of seed fields under forage grasses have increased from 98271 ha
in 1985 to 237206 ha in 2004 (World Forage, 2006). According analysis of
research results, currently grasses and legumes take a leading position among
forage plants. Presently, ryegrasses occupy 40% area in herbage sowing structure.

In Latvia as well, grass forage is a most important and inexpensive food
means providing the foundation for feeding programs for dairy and other livestock.
High consumption of pasture grass is the basis for profitable milk production. To
improve pasture productivity and sward quality, new herbage varieties capable of
producing high seed yields are developed and tested in practice. In EU strategy, an
emphasis is placed on the request of decreased and precisely balanced application
of mineral fertilizers and other chemicals utilized in agriculture. For that reason, it
is important that the new varieties should be less exacting to growth conditions;
they should be plastic, capable of producing high enough yields avoiding intensive
application of agricultural chemicals.

Perennial ryegrass (Lolium perenne L.) is one of the most well-known and
significant grasses worldwide. In Latvia as well, perennial ryegrass is of great
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economic importance. This grass is used to establish seeded long-term swards in
pastures; it is sown in meadows and grown in fields. Perennial ryegrass is a plant
mainly used in grass mixtures when sown pastures are established. Considering,
that varieties released in Latvia are more suited to local conditions than imported
ones, seed production of these varieties should be developed and expanded to
supply commercial producers with local perennial ryegrass seed material.
Additional knowledge on management practices, including fertilizer, is needed in
raising perennial ryegrass field productivity and efficiency of seed production.

The goal of this research was to clarify fertilization matters in perennial
ryegrass seed production insufficiently investigated up to. Considering the above
mentioned, hypothesis was put forward: seed yields and quality of perennial
ryegrass are considerably increased with application of balanced mineral fertilizer
rates.

Research objectives: to clarify the influence of mineral fertilizer
optimization on productivity formation in perennial ryegrass under agro climatic
conditions of Latvia.

Tasks of the research:

= determine influence of different mineral fertilizer rates on productivity of

perennial ryegrass above-ground biomass and yield quality;

= clarify determinant factors of seed productivity and formative elements in

perennial ryegrass;

= determine most important phytometric indices in differently fertilized

perennial ryegrass swards;

= evaluate agronomic and economic efficiency of mineral fertilizers in

perennial ryegrass sowings used for seed production.

Novelty of the research:

» optimized mineral fertilizer advantages in productivity formation and

quality increase have been clarified;

= formative elements and phytometric indices forming perennial ryegrass

yield have been investigated;

= efficiency of mineral fertilizer application in perennial ryegrass sowings

used for seed production has been determined.

To fulfill the tasks, corresponding field trials were established and conducted
at the Research Institute of Agriculture, Agency of LLU over a period from 1999
to 2001. Research on fertilizer after-effect was continued till 2003. Research
results have been summarized in 10 scientific publications, 5 of them in foreign
issues, and additionally 8 publications in books of abstracts. Research results were
reported in 5 international scientific conferences, and 8 poster presentations have
been presented. On the base of research, farmers have had access to short
agricultural training, when regional seminars-field days were organized.
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MATERIALS AND METHODS

Within the framework of the research program developed by the Faculty of
Agriculture (LF) of the Latvia University of Agriculture (LLU), at the Research
Institute of Agriculture (ZZI), Agency of LLU field trials were established and
research was conducted over a period 1999 —2003.

The first trial was established in 1999. Soil — sod stagnogley (Proto-
endostagnic Hortic Cambisol (Hypereutric) — WRB 2006), silt loam, medium
cultivated, drained. Soil pH KCI — 6.33, organic matter content 23.1 g kg™, plant
available phosphorus (P,0s) — 92.5, potassium (K,O) — 110.7 mg kg ™.

The second trial was established in 2000. Soil — sod stagnogley (Endostagnic
Hypocutanic Luvisol (Endoabruptic, Hypereutric) — WRB 2006), sandy loam, well
cultivated, drained. Soil pH KCI — 7.24, organic matter content 25.6 g kg™, plant
available phosphorus (P,0s) — 96.3, potassium (K,0) — 66.6 mg kg™

The third trial was established in 2001. Soil — stagnogley sod-podzolic
(Hypostagnic Cutanic Albeluvisol (Hypereutric) — WRB 2006), loam, well
cultivated, drained. Soil pH KCI — 6.79, organic matter content 19.3 g kg™, plant
available phosphorus (P,0s) — 156.0, potassium (K,0) — 142.3 mg kg™

In all trials, in autumn of the previous year prior to sowing bare fallow was
formed. Weed control was done by herbicide application (4 L ha™ raundap). Laid
out according to trial scheme, each separate trial plot received broadcast
application of mineral fertilizers: phosphorus as granulated superphosphate (20%
P,05) and potassium as potassium chloride (60% K,0).

In all trials, plots were sown to tetraploid perennial ryegrass at 12 kg ha™' with
‘Spidola’ (germination power 99%, seeding rate — 12 kg ha™, row spacing —
12.5 cm) in mid-May using a seeder ‘Nordsten’.

Weeds were controlled with herbicide MCPA 750 (1.5 L ha™) in mixture with
granstar (10 g ha™) during all trial years.

In field trials, three factors (NPK) with total treatment number 17 replicated
four times were investigated according to so-called “star” scheme (Xukc, 1967)
added with control treatment NoPK, + absolute max. Ny,0P1,0K 60. Total plot area
was 17.5 m? (5 m x 3.5 m), check plot area — 13.5 m? (4.5 m x 3 m).

For data processing, treatments were grouped and designated corresponding
to fertilizer rate applied. In trial, five levels of fertilizer were compared. For
nitrogen — 0; 30; 60; 90 and 120 kg ha' N, for phosphorus — 0; 30; 60; 90 and
120 kg ha” P,Os, but for potassium — 0; 40; 80; 120 and 160 kg ha” K,O.
Characterization of treatments, i.e. plant nutrients applied are presented in Table 1.

Weather data recorded by Skriveri meteorological station were used. In
general, weather conditions during all trial years were comparatively favorable for
the growth and development of perennial ryegrass. However weather conditions
were best for yield formation in 2002, but adverse weather conditions — in 2000
resulting in considerable fluctuations in yields of seeds.
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In seed fields, in the 1% and 2™ production year (2002 and 2003) perennial
ryegrass swards were sampled to estimate photosynthetic activity. In each plot, in
the area of 0.5 m” ryegrass was cut by hand using a sickle. From the cut biomass a
sample 200 g in weight was taken in 2 replications. This sample was used to
determine leaf area index (LAI). It was determined employing discs’ method
(Hrumnopouu et al., 1961). Photosynthesis net productivity (PNP) was
determined following the method described by Kidd, West and Briggs
(Huunnoposwuy et al., 1961).

In three years of trials, in the 1% production year the yield of grass green
material was recorded in cut 1. In plots used for seed production samples of green
material were taken cutting area 1 m” in size and counting it off the area of seed-
production plots. From each fertilizer treatment in 2 replications, cutting the sward
at early flower, samples of green material 1 kg in weight were taken and weighed
with precision +0.01 kg. These samples were used for dry matter (DM)
determination (dried at 105 °C to constant mass).

Prior to seed harvest, from each trial plot in 4 replications, using a frame,
from the area 0.05 m® 72 paired samples were taken and analyzed for yield
structure. Productivity of an ear (stem number, stem length, number of spikelets
per ear, seeds number per spikelet) was analyzed for each collected sample in
2 replications. 1000-seed weight was determined by the standard method
(ISO 520).

Resistance to lodging was estimated visually prior to harvest inspecting each
trial plot, and expressed in scores using a scale 1-9, where 9 is when sowing is
practically free from lodging and 1 — when sowing is completely lodged.

During harvest, seed samples were taken from each treatment (about 0.2 kg
each) to determine quality and chemical composition of seeds.

Seed was harvested using grain harvester ‘Sampo 130’ at the onset of seed
ripening, determining both yields of seed and straw. Yield data are expressed at
100% seed purity and 15% standard moisture.

Soil samples were analyzed at the laboratory of LLU Institute of Soil and
Plant Sciences. Soil textural class was determined employing pipette method
(ISO/DIS 11277). Humus content — by Tyurin’s method (LV ST ZM 80-91), soil
reaction — potentiometrically (ISO 10390). Available phosphorus and potassium —
by Egner-Riehm (DL) method (LV ST ZM 82-97).

Plant chemical analyses were performed at the Analytical laboratory of ZZI
employing standard methods approved by the Latvia State: dry matter (DM) was
determined drying a sample at 105 °C until constant weight (ISO 6496), total
nitrogen (TN) - by the Kjeldahl method ((ISO 5983), crude protein (CP) —
multiplying total nitrogen content by coefficient 6.25. Crude fat (CF) was
determined by the Soxlet method (I'OCT 1349.15-85), crude fiber — by
Hennenberg-Stockman (I'OCT 13496.2-84), crude ash — combustion in oven at
550 °C (ISO 5984). To determine total phosphorus, potassium and calcium, ash
extract was made. Phosphorus was determined colorimetrically (ISO 6491),
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calcium — titration by trilon B (ISO 6490/1), potassium — flame photometric
determination (LV ST ZM 82 — 97). N-free extracts were calculated as difference
between total weight of a sample and humidity, crude ash, crude protein, crude fat
and crude fiber content in plants. Dry matter digestibility (DMD) was determined
by calculation method.

Plant green material, seeds and straw were analyzed. According to yield and
chemical composition of seeds and straw, amounts of N, P,Os and K,O removed
from soil were calculated. To determine utilization of soil PK compounds and plant
nutrient utilization applied with mineral fertilizers, the method of “difference” was
employed.

Agronomic effectiveness of fertilization was calculated dividing perennial
ryegrass yield increase obtained under the influence of fertilizer with amount of
plant nutrients used.

Prices of mineral fertilizers, what on average they were in 2008 according to
AMPC (Agricultural Marketing promotion centre) data, were used for economic
calculations. For mineral fertilizers used in trials, the price of 1 kg nitrogen a.i.
accounted for 0.70 Ls, phosphorus (P,Os) — 0.90 Ls, and that of potassium (K,0) —
0.54 Ls.

Data were statistically analyzed employing variance analysis, correlation
analysis and many-factor regression analysis (Excel).

RESULTS

Productivity of perennial ryegrass

Seed yield. On the average for three trial years, seed yields between
treatments averaged 591 kg ha™' in the 1* production year and 384 kg ha™ in the
2" production year, i.e., by 35% less. The highest average seed yield of the
1 production year was attained in 2002 — 645 kg ha™, but lowest — 485 kg ha™ —in
2000.

It was stated, that all nitrogen fertilizer rates, depending on fertilizer applied,
provided seed yield increase significant at 95% level. In the 1 production year, N
fertilizer rates applied in growing succession — 30 — 60 — 120 kg ha™, compare to
control treatment (N,), resulted in seed yield increase respectively by 59.4 — 76.2 —
93.9 -107.0%.

However, nitrogen fertilizer use efficiencies in raising seed yields decreased
with the increase of nitrogen rates as proved by calculus about seed yield increase
per 1 kg N applied. At the nitrogen rate N3, 1 kg N applied gave 5.9 kg seeds, but
at the nitrogen rates Ngj, Nog and Ny, seed yield increase per 1 kg N applied was
respectively 4.6, 3.6 and 3.1 kg. When estimating seed yield increases obtained
with each successive N fertilizer rate compare to previous one, it is stated, that the
increase of N rates from 30 to 60 kg ha™ per 1 kg N applied resulted in 1.9 kg
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seeds, but the increase from 60 to 90 and from 90 to 120 kg ha™ per each kg N
applied resulted only in 2.0 and 1.5 kg seeds, respectively.

In the 2™ production year, N fertilizer effect on seed yield was considerably
greater. Under the influence of N fertilizer rates 30 — 60 — 90 and 120 kg ha™', seed
yield, compare to control, increased respectively by 91.2 — 216.8 — 320.8 and
384.0%. These data are indicative of considerably higher influence and importance
of N fertilizer in seed fields in the 2™ production year.

The positive effect of potassium fertilizer on seed yield increase was obtained
with each successive K fertilizer rate. However, statistically significant increase to
that of control treatment K, was only stated in treatments with two highest K
fertilizer rates applied — 120 and 160 kg ha™' K,O.

Phosphorous fertilizer had any marked influence on seed yield of perennial
ryegrass. The highest seed yield was achieved in treatment with P fertilizer rate
90 kg ha™', however this increase is not significant at 95% level.

In the 2™ production year, N fertilizer use efficiency in perennial ryegrass
seed fields was as follows: per each kg N applied the nitrogen rate N3, provided
3.8 kg seed yield increase, but application of N4y — Ngg — N1y respectively resulted
in 4.5, 4.5 and 4.0 kg seeds.

Increasing N rates from 30 to 60 kg ha, 1.9 kg seeds were attained with each
kilogram N applied, but the increase of N rates from 60 to 90 kg ha” and from
90 to 120 kg ha™ resulted in 2.0 and 1.5 kg seed yield increase, respectively. These
data confirm, that in the 2™ production year higher seed yield increase in seed-
fields of perennial ryegrass ‘Spidola’ was achieved with increased nitrogen
fertilizer rates — i.e., Nog kg ha'.

In the 2™ production year as well, the average seed yield was highest
(554 kg ha™") in 2003, but lowest (259 kg ha™) in 2001. Like in the 1% production
year, in the 2™ production year as well significant seed yield increase was obtained
in all nitrogen fertilizer treatments. Each successive rate of potassium and
phosphorous fertilizer increased seed yield, compare to control treatment, though
this increase is significant only in treatment with higher potassium fertilizer rate
(K60 kg ha™"). Significant seed yield increase was obtained in three treatments with
phosphorous fertilizer rates — 60, 90 and 120 kg ha’ P,Os (Table 2). Both
phosphorous and potassium fertilizer rates P 60 kg ha™ and K 90 kg ha™ in the
2" production year contributed to significant seed yield increase compare to the
lowest rate of the corresponding fertilizer.

Summing up the results of our research on the influence of fertilizer on
perennial ryegrass seed field productivity in swards in the 1* and 2™ production
years, we can conclude that in the 1% production year lower rates of N fertilizer —
30 and 60 kg ha™' — were most effective resulting in 5.9 and 4.6 kg seeds per 1 kg
N applied compare to 3.6 and 3.1 kg when respectively applying Ngy and Ny,
while in the 2™ production year application of N fertilizer rates 60 and 90 kg ha™
resulted in 4.5 kg seeds obtained per 1 kg N applied compare to 3.7 and 4.0 kg
seeds obtained with N3y and N5, respectively.
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Phosphorous fertilizer in the 1* production year was more effective with rates
60 and 90 kg ha™' — 0.28 and 0.34 kg seeds per 1 kg P,Os applied were obtained. In
the 2™ production year phosphorus was of greater importance compare to the
1* production year: application of 60, 90 and 120 kg ha™ resulted in 0.8, 0.4 and
0.4 kg seeds per 1 kg P,Os applied.

Potassium fertilizer rate Ky, in its turn, was more effective in the
1* production year — 0.85 kg seeds per 1 kg K,O applied were obtained. K fertilizer
rates 80, 120 and 160 kg ha™ gave seed yield increase of 0.48, 0.38 and 0.56 kg,
respectively. In the 2™ production year, potassium had not significant effect on
seed yield increase.

Analyzing seed yield increases taken in both production years together, it was
stated that agronomically nitrogen fertilizer rate N3, was most effective resulting in
10.6 kg seeds per 1 kg N applied, Pg — producing 1.1 kg seeds and K4 — yielding
0.8 kg seeds per 1 kg applied fertilizer a.i. (Table 2). Consequently, it may be
forecasted that N3oP¢K;go is agronomically most profitable NPK fertilizer rate
applied in seed fields.

To determine total effect and interaction of applied nutrients on yield of
perennial ryegrass seeds, regression analysis was employed for each trial year
separately. Obtained results are interpreted by the first and the second equation.

Regression equations:

1* production year:

Y =322.61 +5.081 N+ 0.484 P+ 0.92 K — 0.023 — N* - 0.007 P* +
+0.012 NP — 0.009 — NK; R* = 0.65 1)

2" production year:
Y =83.80+5.15N+0.39 P+ 0.16 K — 0.008 N> - 0.0017 NP; R*=0.76. ()

The influence of nitrogen depends on the age of a sward. Thus, in seed-fields
in the 1% production year gradual increase of nitrogen rates from Nj; to Niy
resulted in seed yield increase by 59.4 — 107.0%, but the highest seed yield
increases per each kg N applied were obtained with nitrogen fertilizer rates up to
60 kg ha”, while in the 2" production year the increase of N rate from 30 to
120 kg ha' resulted in seed yield increase by 91.2 — 384.0%, however yield
increases were highest with N fertilizer rates Nog._jp9 kg ha'l.

It could be explained with the formation of thicker grass sward under the
influence of higher N fertilizer rates applied in the 1% production year, which
caused excessive lodging and, in such a way, loosing a part of seed yield, while in
the 2" production year higher mineral fertilizer rates contributed to a better sward
formation, yet sward was thinned out and less lodging was observed.

Dry matter yields. In field trials, yield and quality of perennial ryegrass was
determined in the 1% production year for cut 1 performed at early flower. On
average in the 1% production year, the highest dry matter (DM) yield of ryegrass
was harvested in 2001 —5.16 t ha', on average in three years 4.58 t DM ha™'. Grass
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yields obtained in different fertilizer backgrounds showed the great importance of
nitrogen fertilizer in yield formation — in all treatments with nitrogen fertilizer
application statistically significant increase in perennial ryegrass DM yield was
obtained.

On the average between three years of trial, significant increase in grass yield
was provided by each subsequent nitrogen fertilizer rate applied compare to
previous one (Ngo to N3, Ngg to Ngo, Njg to Ngg). However, increasing nitrogen
fertilizer rates from N, to Ny resulted in gradual decline of nitrogen fertilizer
efficiency. Thus, on average between all treatments of PK background and 3 years
of trial, under the influence of nitrogen rate Njy, grass DM yield, compare to
treatment Ny, increased by 1.56 t ha™, i.e. by 67% compare to control treatment —
yielding 52.0 kg DM per 1 kg N applied. Under the influence of nitrogen rate N,
the increase of grass DM yield accounted for 2.30 t ha, i.e., by 99% more than in
control treatment, but per 1 kg N applied 38.3 kg grass DM were obtained. N rates
90 and 120 kg ha’ respectively provided grass yield increase by 3.21 and
3.72 t ha' or by 138 and 160% more than in control treatment, but grass yield
increase per 1 kg N applied was only 35.7 and 31.0 kg DM. Comparatively,
nitrogen fertilizer return with obtained grass yield was most insignificant for N rate
120 kg ha™, the increase of N rate from 90 to 120 kg ha™ resulted only in 17.0 kg
grass DM per every kg N applied. Determining correlation indices, which
influence changes in perennial ryegrass DM yields, the above mentioned tendency
was observed — nitrogen fertilizer has close positive correlation with grass DM
yield (Table 3).

The increase of potassium fertilizer rates also had significant positive effect
on the increase of grass DM yield. In 2001 and on average between three years of
trial (in treatments Kjyo.1s) the increase in grass DM yield was significant.
Whereas the obtained yield increase under the influence of increased phosphorous
fertilizer rates was not significant at 95% level, although a tendency of increase
was shown, except 2002.

Out of NPK fertilizers, N f had the greatest effect on grass DM yield — under
its influence grass yield increased along with the increase of fertilizer rates. So,
gradual increase of N rate from 30 to 120 kg ha™ (30 — 60 — 90 — 120) resulted in
grass yield increase respectively by 67, 99, 138 and 160%, compare to control
treatment (Ny). However, the highest N fertilizer efficiency, when calculated by
grass DM increase per 1 kg N applied, was observed in treatments N3y and Ngg
(respectively 52.0 and 38.3 kg DM).

Applying increased N rates (Ngg and Ny), grass yield increase, in general,
was obtained, nevertheless it decreased per 1 kg N applied, making respectively
35.7 and 31.0 kilograms. So, from the point of view of efficiency, profitability
estimation in N fertilizer rates is useful.

Phosphorous fertilizer had a positive effect on grass DM productivity only up
to a certain rate — P,Os 30 kg ha™', subsequent increase of phosphorous fertilizer
rates only showed a positive tendency, but grass yield increase was not statistically
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significant. Under the influence of the increased P fertilizer rate (Pjy), grass DM
yield even somewhat decreased.

The positive effect of potassium fertilizer on grass DM yield increase was
greater than that of phosphorous fertilizer, even increased K fertilizer rates — 120 —
160 kg ha™ K,O gave statistically significant yield increase.

Fertilizer influence on perennial ryegrass quality

Quality of grass dry matter yield. The yield quality of grass is characterized
by chemical composition, which is influenced by biological peculiarities of plants,
harvesting regime and factors of growth. Crude protein (CP) content is the main
determinant of forage quality.

In trials, the average content of CP and N-free extracts in grass dry matter
was highest in 2000 — respectively 10.89% and 58.45%. In subsequent years these
indices were lower, while crude fiber content, on the average for trial years, was
highest in 2002 — 28.76%. Accordingly, DM digestibility was also lowest in 2002 —
50.37%, but the highest average crude fat content was stated in 2001 — 3.12%.
Content and yield of CP obtained with grass yield were greatly influenced by N
fertilizer. So, at equal PK fertilizer (P¢Kgg), nitrogen rate Ny on the average in
three years increased CP content in grass dry matter by 0.14%, its total yield — by
218 kg ha! but, under the influence of nitrogen rate Ny, CP content increased on
average by 2.26%, increasing total yield by 502 kg ha”. Consequently, nitrogen
fertilizer rate Ng provided increase of CP yield by 98% compare to treatment N,
obtaining 3.6 kg CP per 1 kg N applied, but nitrogen rate Ny, increased CP yield
by 226%, providing per 1 kg N applied CP yield 4.2 kg. Nitrogen fertilizer has had
close positive effect also on changes in crude protein and crude fat content in dry
matter of perennial ryegrass yield, as well as close negative effect on the content of
N-free extracts.

Analyzing grass quality indices depending on P and K fertilizer, it was stated
that neither P nor K had any close effect on changes in quality indices studied (see
Table 3).

Crude fiber content, on the average in three years of trials, changed within the
range of 24.7% to 29.0%. Increasing NPK rates, crude fiber content in perennial
ryegrass dry matter did not increase significantly. Perennial ryegrass has good DM
digestibility, — in trials, on the average in three production years, it was 61%.

N-free extracts (NFE), on the average in three years of trials, were 54.1%.
With the increase of N rates, NFE content in grass DM decreased, and it is
logically, because CP content increased.

Summarizing results on the influence of mineral fertilizers on the quality of
perennial ryegrass DM yield, it is concluded that grass yield quality indices were
mostly influenced by N fertilizer — under its influence both protein content in grass
dry matter and total yield of crude protein per hectare increased.
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So, in treatments N4y and Ny, compare to Ny (on Py Kgo background), CP
content in grass dry matter increased respectively by 0.14 and 2.66%, but CP yield
per hectare increased by 98 and 226%.

Yield and chemical composition of straw. In trials, the highest yields of
straw, on the average in three years, were obtained in the 1* production year — from
1958 kg to 5918 kg ha™, in the 2™ production year — on the average from 862 to
6013 kg ha™. Increased N rates resulted in increased yields of straw (Fig. 1).

Straw yield in the 1* production year was not influenced by N fertilizer.
Calculation results on straw yield increase, expressed per 1 kg N applied, confirm
this observation. Application of Nj, resulted in 49.2 kg straw per 1 kg N applied,
but application of Ngy, Ngo and Ny — 40.1, 33.9 and 31.49 kg ha'! straw,
respectively.

Application of NPK fertilizer influenced CP content in straw. So, in 2000 in
straw dry matter in control treatment (N PyKy) the CP content was 2.54% , but with
the increase of fertilizer rates increased up to 5.19% (N50P120K60)- The CP content
was lowest in 2001, in control treatment it was 1.89%, but in treatment
Ni20P 120K 160 — 4.38%. In 2002, in its turn, it was 2.11% and 4.59%, respectively.
Thereby, the increase of nitrogen rates resulted in increased CP content in straw.

Fertilizer rates did not affect significantly crude fiber content in straw. The
highest crude fiber content in straw was observed in 2001 — on the average
43.55%, but crude protein content was lowest in this year — 2.74% on average.

Crude fat content in straw was 1.79% on the average in three years of trial.
Fertilizer applied did not have significant effect on crude fat content in straw.
Content of N-free extracts in straw dry matter was 50.32% on the average in three
years of trial. NFE content was not influenced significantly by different fertilizer
rates.

As straw quality changed little under the influence of fertilizer, then also
straw digestibility of perennial ryegrass ‘Spidola’ did not change significantly
under the influence of NPK fertilizer rates and was 28.75% on average.

Phosphorous fertilizer had a positive effect on P content in perennial ryegrass
straw — on the average in three years of trial it increased from 0.12% in control
treatment to 0.16% in treatment N ;0P 120K 60.

Potassium fertilizer considerably influenced K content in straw. Under the
influence of increased fertilizer rates, K content in straw dry matter increased. On
the average in three production years, K content in straw was 1.42%, increasing
from 1.24% in control treatment up to 1.62% in treatment Ny,0P 120K ¢0.

Content of magnesium and calcium did not change significantly under the
influence of increased fertilizer rates. On the average in three years of trial, it was
0.24% CaO. Magnesium content, in its turn, was 0.13 % MgO on the average
between three years of trial, being highest in 2002 — 0.16%.

Chemical composition of seeds. Seeds of the 1% production years were
evaluated. The increase of N fertilizer rates resulted in increased nitrogen content
in seeds. On the average in three years of trial, it was 1.67% in treatment NP Kgo
increasing up to 2.11% in treatment Nj)PsKgo. N content in perennial ryegrass
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seeds was highest in 2000 in treatment N1,0PsoKgo — 2.37%. Increasing of fertilizer
rates resulted in increased nitrogen content in seeds.

Phosphorus content in seeds was not influenced significantly by the increase
of NPK fertilizer rates — it was 0.40% on the average in three years of trials. The
increase of fertilizer rates significantly influenced potassium content in seeds. On
the average in three years of trials, it increased from 0.50% in treatment NoP,K, to
0.74% in treatment N90P30K120 or by 24%.

Determinant factors of perennial ryegrass productivity and yield
formative elements

Lodging is a significant factor, which influence seed yield. The increase of N
fertilizer rates resulted in decline in perennial ryegrass lodging resistance. In the
1* production year, lodging was insignificant in treatments free from N fertilizer,
but in the 2™ production year lodging was not at all observed. In treatments with
nitrogen fertilizer rates 30 and 60 kg ha” symptoms of lodging were already
observed, but application of nitrogen rates reaching 90 kg ha™' and more resulted in
severe lodging of a sward.

In general, higher lodging was observed in swards in the 1* production year —
the average evaluation of lodging resistance was 4.90 scores against 6.73 scores in
the 2™ production year. Differences between years were observed as well. For
perennial ryegrass sward of the 1* production year resistance to lodging was lowest
in 2001 — only 3.87 scores on average, however in the same year the sward of the
2™ production year had the highest resistance to lodging — 7.35 scores on average.
Resistance to lodging could be explained with sward density — in the 1* production
year it was thick, well-tillered and, with this, resistance to lodging was lower, but
in the 2™ production year sward was already thinned out and had become sparse,
therefore resistance to lodging was higher. Lodging resistance of ryegrass sward
was directly related with sward density — results show that in the 2™ production
year sward density was on average by 305 plants per 1 m® less than in the
1* production year. At high densities, plant leaves and stems shade each other and
photosynthesis intensity declines due to light and CO, deficiency.

In trials established in 2001, the average lodging resistance between
treatments was equal in both subsequent production years — in the 1* production
year in 2002 — 5.74 scores and in the 2™ production year in 2003 — 5.85 scores.

Results of correlation analysis show close negative correlation between N
fertilizer rates and lodging resistance. In all cases correlation is significant —
exceeds critical value ryos = 0.482. In 6 years total (three 1* production and three
2" production years), the influence of N is even greater — r = -0.986. Whereas
changes neither in P nor K fertilizer rates do not show significant correlation with
perennial ryegrass lodging resistance significant at 95% level.
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Research on lodging level in swards of different age show that in seed-fields
in the 1* production year lodging is more expressed and lower seed yield to a
certain extent.

Sward density. Nitrogen fertilizer significantly influenced sward density
contributing to better tillering of plants and increase in new shoot numbers per unit
area. Effect was particularly positive in the 2™ production year, when sward
thinned out. These research results substantiate the above mentioned about
significant effect of N fertilizer on seed yield formation in older swards, in swards
of the 2™ production year.

Analysis of correlations show that N fertilizer has close and statistically
significant (rg, > Troes) positive effect on sward density, particularly in the
2™ production year as well as in the 1% production year in 2001 and 2002.
However, neither P nor K fertilizer effect does not prove significant at 95% level.

1000-seed weight. Nitrogen fertilizer did not influence 1000-seed weight
significantly. Differences were observed only between years, indicating that
meteorological conditions of a definite year take an important place among factors,
which influence yield. Separately between years, 1000-seed weight was highest in
the 1™ production year in 2001 — from 3.04 g in treatment NoPoK, to 3.35 g in
treatment NgoPeoK 20, because in this year hydrothermic coefficient was highest —
2.53, which had a beneficial effect on the increase of 1000-seed weight. On
average in 3 production years, both in the 1* and 2™ production year N rate up to
60 kg ha™ only somewhat increased 1000-seed weight not exceeding mathematical
error limits (respectively by 0.03 and 0.05 g), but under the influence of N rate 120
kg ha', 1000-seed weight in the 1* and 2™ production year increased respectively
by 0.15 and 0.09 g, which is statistically significantly (RS s — 0.093 and 0.081).

Analyzing relationships between 1000-seed weight and fertilizer applied,
correlation coefficients in the 1% production year were significant only with
nitrogen fertilizer — in 2000, r = 0.58, in 2001, r = 0.71, and on the average
between the 1* production years r = 0.78. In every year (2001, 2002, 2003) of the
2" production year and on the average between all years correlation was very low,
but on the average in three years negative — r = -0.06.

P and K fertilizer neither in the 1% nor in the 2™ production year had any
significant effect on 1000-seed weight.

Stem length. As lodging is dependent, to some extent, on length of stem, the
role of stem length in yield formation was researched. As indicated by 3-year data
of the 1I** production year, N fertilizer on the average in all years increased the
length of stems by 13 cm compare to unfertilized treatment, but in the
2™ production year — by 9 cm. In both production years, nitrogen had an important
role in stem length increase as indicated by significant positive correlation (r = 0.90
and r =0.94).

Spikelet number per ear in both years of perennial ryegrass production was
not significantly influenced by NPK fertilizer rates. Coefficient rjos critical =
0.482.
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A tendency was observed that spikelet number per ear decreased on average
from 18.2 to 17.0 spikelets in the 2™ production year compare to the 1** production
year.

Seed number per spikelet was not significantly increased by N and K,
however P fertilizer show significant positive correlation (r = 0.65) with seed
number per spikelet. However seed number per spikelet is, to a great extent,
dependent on climatic conditions but, to a lesser extent, on fertilizer applied.

Analyzing correlative relationships between seed yield forming indices, it can
be stated, that in total negative correlation is established between lodging
resistance and all the rest of seed yield forming indices in all fertilizer treatments
(Table 4). Correlation was significantly negative at 95% level between lodging
resistance and spikelet number per ear, but it was even more expressed, significant
negative at 99% level between lodging resistance and other indices.

Also for number of stems per m® and length of stems correlation analysis
show significant relationships with all the rest of the investigated indices. Both of
these indices have significant negative correlation with lodging resistance —
increase in stem length and sward density resulted in decline of perennial ryegrass
lodging resistance. Close positive correlation is established between number and
length of stems — plants growing at higher densities under conditions of
intraspecific competition had longer stems than growing at low density.

Increased number of stems per area unit and greater length of stems positively
correlate also with 1000-seed weight as well as with spikelet number per ear, and
particularly with seed number per spikelet.

Seed number per spikelet has shown significant positive influence on 1000-
seed weight significant at 99% level. Correlation significant at 95% level is not
established between number of spikelets per ear and seed number per spikelet.

Phytometric indices

Leaf area index (LAI) is a parameter which shows, how many times leaf
surface is greater than soil area occupied by plants. It is one of the most important
phytometric indices. Amount of leaves in a sward is a very important parameter as
leaves intercepts solar energy and provide photosynthesis.

In the 1* production year, the average leaf area was 7.11 m® m™ soil. LAI,
depending on fertilizer rates, changed on the average from 3.83 (NoPoK,) to
9.24 m* m* (N120 P12oKig0)- The highest LAI was achieved in treatments with the
highest N fertilizer rate applied. LAI was, to a great extent, influenced by the age
of swards and weather conditions during leaf formation. In the 2™ production year,
the role of N fertilizer in the growth and development of perennial ryegrass was
more expressed. On the average, in all N fertilizer treatments significantly higher
LAI values were obtained compare to control treatment. In the 2™ production year,
the average LAI was 3.87 m> m™. So, in a sward of the 2™ production year LAI
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was considerably lower than in previous trial year and ranged from 1.25 (NoPoKo)
to 7.25 (N120P 120K 60)- It could be explained with exceedingly rapid development of
ryegrass at the initial period of growth already beginning with the seeding year as
well as with significant decline in sward density in the 2™ production year.
Considerable reduction in LAI values in subsequent production years indicate that
forecasting lasting productivity of perennial ryegrass is impossible.

Photosynthesis net productivity (PNP) is an important index in grass
swards. It characterizes photosynthetic activity of leaves and shows dry matter
increase per leaf area per time unit.

Close negative correlation is established between fertilizer treatments and
PNP. In 2002, in treatment Ny, PNP rapidly increased in the 1* half of June,
however in N fertilizer treatments, particularly with high fertilizer rates, PNP
decreased and was negative on 17 June. It could be explained with unfavorable
weather conditions, heavy rainfall resulted in a lodged sward (HTC in June was
3.58). On the average in 2002 as well, during observation period PNP shows close
negative and statistically significant (p>0.05) correlation with applied N fertilizer
rate.

In the 2™ production year, PNT was highest at the beginning of June,
however at the time of subsequent sampling on 9 June it decreased rapidly. It could
be explained with high atmospheric temperatures and pronounced rainfall
deficiency (1 mm) at this period. Plants in adverse weather conditions utilize
accumulated nutrients, for that reason increase in PNP is not observed. Correlation
between PNP and applied N fertilizer rate is not statistically significant in either
time of sampling.

Comparing average results of both production years, it can be concluded, that,
like leaf area index, PNP was higher in the 1* production year — 5.30 against
3.30 g m? per day/night in the 2™ production year. It shows, that perennial
ryegrass is grass of rapid development and is characterized by the decrease of
phytometric indices already beginning with the 2" production year.

Photosynthetic activity is greatly influenced by weather conditions and is
declining both under conditions of heavy rainfall with lowered atmospheric
temperature and in excessive drought under conditions of moisture deficiency with
heightened air temperature.

Evaluation of agronomic efficiency of fertilization

Agronomic efficiency of applied fertilizer was evaluated according to the
following criteria: NPK removal; applied fertilizer NPK utilization; NPK balance;
soil PK utilization, yield increase per 1 kg fertilizer applied.

Removal. Calculation was done considering dry matter mass of the obtained
corresponding yield component (seeds, straw, chaff) per hectare and concentration
of fertilizer element in dry matter of the determined component. Data analysis
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clearly showed a tendency that: 1) increased amount of the corresponding element
in fertilizer resulted in increased removal of this element (R* = 0.950); 2) increase
of other elements in fertilizer increased N and P removal with yield, however
relationships are not explainable with pair correlation.

In general, economic removal of nutrients (that, what is annually removed
from the field) reached max. 125.96 kg ha N (Fig. 3), 37.88 kg ha” P,Os and
247.01 kg ha'! K,O. It was observed in treatment with the highest fertilizer rate —
respectively Ni20P 120K 0. Hence, it may be supposed that perennial ryegrass, when
grown for seed production, require medium amounts of nitrogen while showing the
greatest response to potassium.

Relationship between nitrogen utilization and N fertilizer applied is shown in
Fig. 3. In this case, background treatment was taken as a point of reference.
Coefficient of determination is not high as N removal and wherewith utilization is
influenced by P and K fertilizer rates (interaction of factors). Similar relationship
was observed regarding K utilization. In control treatment, annual average K,O
removal accounted for 23.18 kg ha’, in background treatment (NgPg) —
considerably (2.75 times) more — 63.75 kg ha™.

Wherewith, in calculations based on background treatment, with application
of N rates below 60 kg ha" negative values of K fertilizer utilization coefficient
were obtained.

For potassium utilization coefficient, logical interrelationship with applied K
fertilizer is not observed, however relationships are established with applied N
fertilizer.

Balance of plant nutrients. Plant nutrient balance is the difference between
plant nutrient mass introduced into soil and that removed from the soil.

Evaluation of the obtained results can lead to conclusions, that:

= with input of 90 — 120 kg ha N into soil, nitrogen balance was 45 —
67 kg ha™', or 187 — 232%, which is an acceptable index for perennial
grasses;

= favorable phosphorus balance formed in treatments NgoP;0K;p and
NooP30K40, 1.€., applying sufficiently N, but moderately — P fertilizer;

= K fertilizer applied at the rate below 80 kg ha” K,O resulted in negative
balance. However, considering also interaction of other yield affecting
nutrients, annual potassium amount should be above 120 kg ha™ K,0.

Soil nutrients utilized by plants. Comparing economic PK removal (seeds,
straw and chaff) to soil PK, utilization coefficient was calculated. It shows the
proportion of plant nutrients annually removed from field total soil stock with
yield. Calculation results are summarized in Table 5.

Annual soil P utilization was not high ranging from 0.41 to 1.84%, it was
obviously higher in treatment with application of N and K fertilizers. Potassium
utilization was considerably higher and it was particularly high in treatments where
N and P fertilizer were applied. Hence, proper attention should be paid to K
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sufficiency level provided by means of fertilization as perennial ryegrass is a
forage crop responsive to this nutrient.

Seed yield increase per 1 kg fertilizer applied. Yield increase, calculated
per 1 kg fertilizer applied, is a parameter which can be used in fertilization
efficiency evaluation. In perennial ryegrass, seed yield increase from 1 kg NPK a.i.
applied was from 0.40 to 2.23 kg seeds (Fig. 5).

To increase fertilization efficiency, decreased fertilizer rates are, obviously,
not solution of the problem because then, corresponding to trial results, the use of
potassium mineral fertilizer should be considerably restricted what would have
negative impact on K balance in soil because of considerable potassium removal
with yield.

Economic evaluation of perennial ryegrass seed production

In trials, seed production costs of perennial ryegrass in the 1* production year
were from 168.52 Ls ha' in treatment NoPK, to 491.58 Ls ha in treatment
Ni20P120K160. The highest gross income was obtained in treatment NggPooKyy —
690.72 Ls ha”. Such costs and income were obtained, when perennial ryegrass
seeds were produced only for one year. In case of two production years, constant
costs (expenses used for establishing sward) decreased twice, in general, lowering
total costs to a certain extent (from 168.52 to 130.35 Ls ha™).

On average, total costs in two production years of perennial ryegrass seeds
were from 130.35 Ls ha” (NgPoKg) to 427.43 Ls ha™ (N;20P 20K 60). The highest
gross income 1609.27 Ls ha! was obtained in treatment N,,PgoKgo or by 3.4 times
more than in control treatment.

In case of one production year, the average income from all treatments was
535.00 Ls ha™, in case of two production years the average income per hectare was
1173.71 Ls, i.e., by 638.71 Ls ha"' more. Consequently, from the economic point
of view, two production years of perennial ryegrass seeds are profitable —
irrespective of somewhat lower seed yield, a certain decrease in expenses was
achieved, when seed fields were established and generally higher gross income was
obtained.
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CONCLUSIONS

Results of field trials and analyses performed suggest the following

conclusions:

The level of perennial ryegrass seed yield was influenced significantly by

several factors:

= fertilizer — on average between all NPK treatments, the productivity of
seed fields in the 1% production year, compare to control (NoPoKy),
increased 1.9 times (591 kg ha' to 311 kg ha' seeds), in the
2" production year — 3.8 times (384 kg ha to 102 kg ha™' seeds);

= age of sowing used for seed production — in the 1% production year, in
seed-fields the 3-year average seed yield was 591 kg ha”, but in the
ond production year — 384 kg ha™, i.e., by 35% less;

= meteorological conditions during seed formation and harvest — in the
year 2002, which was most favorable for perennial ryegrass growth, in
the 1% production year the average seed yield of 646 kg ha™' was
obtained, but in comparatively unfavorable year 2000 — 485 kg ha, i.e.,
by 25% less.

Out of NPK fertilizer components, nitrogen had the greatest influence on

yield of perennial ryegrass seeds. Nitrogen efficiency differed in different

production years — it was significantly higher in the 2™ production year: in

the 1 production year the increase of N rates from N to N5, compare to

control treatment, resulted in seed yield increase by 59.4 — 107.0%, but in the

2™ production year respectively by 91.4 — 384.0%.

The level of perennial ryegrass dry matter yield was influenced by NPK

fertilizer this way:

= N fertilizer was most effective — under its influence, grass dry matter
yield gradually increased with the increase of N fertilizer rates: the
increase from 30to 120 kg ha' resulted in grass yield increase
respectively by 67 — 160% compare to control, however the increase of
grass dry matter yield per 1 kg N applied decreased to a certain extent
with the increase of fertilizer rates — application of nitrogen rate Nj
resulted in 52.0 kg grass dry matter yield obtained per 1 kg N applied,
but application of Ny — only in 31.0 kg dry matter;

= P fertilizer positively influenced productivity of grass dry matter,
however only up to a definite level — P,0s 30 kg ha™. Subsequent
increase of P fertilizer rates showed only positive tendencies in
increasing grass yield, yet was not significant;

= K fertilizer, compare to that of P, influenced grass yield more, — grass
dry matter yield increased significantly even up to the maximum rate
applied.

Grass yield quality indices were most influenced by N fertilizer: under its

influence both protein content in grass dry matter and protein yield per
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hectare increased considerably. In treatments Ng, and Ny, (background
PgKgo) crude protein content in grass dry matter increased by 0.14 and
2.66%, but crude protein yield per hectare — respectively by 98 and 226%;
increased N fertilizer rates contributed more to increase of crude protein level
and yield per hectare than to the increase of grass dry matter yield.

Nitrogen fertilizer significantly influenced sward formation in fields used for
seed production: under its influence sward density and stem length increased
wherewith decreasing lodging resistance. In the 1% production year it caused
negative result partly decreasing yield of seeds, but in the 2™ production year
promoted tillering. Spikelet number per ear, seed number per spikelet, 1000-
seed weight little changed under the influence of NPK fertilizer.

Perennial ryegrass is grass of rapid development as indicated by considerably
intensive photosynthetic activity in the 1* production year, compare to the
2" production year, resulting in increased leaf area (on average 7.11 to
3.87 m?> m?), higher photosynthesis productivity (on average 5.30 to
3.30 g m” per day/night).

Leaf area index and photosynthesis net productivity was significantly
increased by nitrogen fertilizer as well as by increased potassium fertilizer,
but was not influenced by phosphorous fertilizer however these indices, to a
most extent, were influenced by meteorological conditions during
development of leaves and by sward age. LAI decreased considerably under
adverse weather conditions and already in swards of the 2™ production year
(the 3" year of life cycle).

Out of NPK fertilizer rates applied in trials, NooP30K50 was agronomically
most favorable one. In this treatment the highest fertilizer utilization was
achieved both in the 1* and the 2™ production year.

Two production years of perennial ryegrass seed fields are more profitable
because, regardless of somewhat lower seed yield, a certain reduction in costs
was achieved and, wherewith, income per hectare, to a certain extent,
increased.

To achieve rational and ecologically safe NPK mineral fertilizer utilization in
perennial ryegrass fields used for seed production, fertilizer rates adjusted to
plant nutrient removal with yield (seed + straw) should be applied, providing
N:P:K ratio 1:0.3:2.0.

On-site training

I have had on-site training at the Michigan State University, Department of

Plant Breeding and Soil Sciences, East Lansing, Michigan state, U.S.A. in the
program: “Breeding methods, seed breeding and cultivation technologies of
perennial grasses.” 15 August 2002 — 21 August 2003. Certificate was obtained
and common contribution was published in the Proceedings of the Latvia
University of Agriculture.

48



	Skaidrīte Būmane. Minerālmēslojuma optimizācija ganību airenes sēklaudzēšanas sējumos minerālaugsnēs = Optimisation of mineral fertilizers for perennial ryegrass seed production in mineral soils : promocijas darba kopsavilkums Dr. agr. zinātniskā grāda iegūšanai. Jelgava, 2009: LLU
	SATURS / CONTENT
	IEVADS
	IZMĒĢINĀJUMA APSTĀKĻI UN METODES
	IZMĒĢINĀJUMU REZULTĀTI
	Ganību airenes produktivitāte
	Mēslojuma ietekme uz ganību airenes kvalitāti
	Ganību airenes ražību noteicošie faktori un ražas struktūrelementi
	Ganību airenes fitometriskie rādītāji
	Mēslošanas agronomiskās efektivitātes vērtējums
	Ganību airenes sēklaudzēšanas ekonomiskais vērtējums

	SECINĀJUMI
	ZINĀTNISKĀ DARBA APROBĀCIJA
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Productivity of perennial ryegrass
	Fertilizer influence on perennial ryegrass quality
	Determinant factors of perennial ryegrass productivity and yield formative elements
	Phytometric indices
	Evaluation of agronomic efficiency of fertilization
	Economic evaluation of perennial ryegrass seed production

	CONCLUSIONS

