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IEVADS

Fosilo energijas resursu izsmelSana, augo$a slodze uz vidi un klimata
parmainas liek mainit 1idz §im pastavosas metodes biologisko resursu
izmanto$ana, pat€rina, atkartotda izmantoSana un utilizacija. Fosila kurinama
resursi ir ierobeZoti, tie neatgriezeniski izsikst, tadel esosie resursi jaizmanto pec
iespgjas ilgtsp&jigak, japalielina atjaunojamo energoresursu (AER) Tpatsvars un
javeicina augu baribas elementu reciklacija, t.sk., bioenergijas raZoSanas
blakusproduktu atkartota izmanto$ana. Bioenergija ir doming&josais atjaunojamas
energijas avots un, nemot véra politiskos mérkus, var sagaidit, ka Eiropa
paliclinasies energijas razoSana no lauksaimniecibas zem@s ieglitdas augu
biomasas. Latvijas agroklimatiskajos apstaklos perspektiva ir zalaugu, t.sk.,
miezabrala un auzenairenes izmanto$ana energijas vajadzibam, nemot veéra
zalaugu produktivo ilggadibu, audzg$anas prasibas un izmantosanas iespgjas. ES
zala kursa ietvaros ir sagatavots ricibas plans, kura mérkis ir 1idz 2050. gadam
panakt klimatneitralitati. Tas ietver resursu efektivu izmantoSanu, parejot uz tiru
aprites ekonomiku, biologiskas daudzveidibas atjauno$anu un piesarnojuma
samazinasanu. Lidz 2030. gadam paredzEts samazinat augu baribas vielu
zudumus par 50%, nodro$inot, ka nepasliktinas augsnes augliba. Mineralméslu
razoSana tiek izmantots liels daudzums fosilas energijas, tad€] jadara viss
iespgjamais, lai rastu iesp&jas mineralméslos esoSos augu baribas elementus
aizstat ar atkritumproduktos eso3ajiem. Saja konteksta butiski veicinat
bioenergijas razo$anas procesa radusos blakusproduktu — fermentacijas atlieku
jeb digestata un pelnu atgrieSanu aprite.

Resursu taupiSanas noliika, ka ari augu baribas elementu aprites
nodro§inasanai pelnus un digestatu lietderigi nogadat atpakal uz platibam, no
kuram baribas elementi ar biomasas razu ir aizgadati projam. Mingto produktu
izmantoSana méslosana var palielinat virszemes slapekla piesaisti un zalaugu
produktivitati, uzlabot augsnes fizikalas un kimiskas ipasibas, ka ar1 radit virkni
pozitivu vides un ekonomisku ieguvumu, t.sk., klit par alternativu riipnieciski
razoto méslosanas Iidzeklu izmantoSanai.

LidzSingjie petijumi par atkartotu augu baribas elementu izmantoSanu nav
pietiekami, tie nesniedz atbildes uz daudziem jautajumiem. Lai pelnus un
digestatu var€tu drosi izmantot, nepiecieSama papildus informacija par So
lidzeklu mesloSanas efektivitati un tajos esoso augu baribas elementu atkartotas
izmantoSanas ietekmi uz zalaugu produktivitati, razas kvalitati un augsnes
agrokimiskajam TpaSibam. Tadel promocijas darbam tika izv@léta teéma par
pelnos un digestata esoSo baribas elementu reciklacijas iesp&am energétisko
zalaugu plantacijas. Tas ietvaros tika veikti p&tfjumi par digestata un koksnes
pelnu ka meslosanas lidzeklu efektivitati miezabrala un auzenairenes s€jumos,
ka arT skaidrota to ietekme uz augsnes agrokimiskajam ipasibam sist€ma:
augsne — augi — digestats/pelni — augsne — augi.



Pétljuma merkis

Noskaidrot miezabrala (Phalaris arundinacea L.) ‘Bamse’ un
auzenairenes (xFestulolium pabulare) ‘Felina’ audzéSanas iesp&jas energijas
ieguvei, méslosana izmantojot bioenergijas razoSanas blakusproduktus —
fermentacijas atliekas jeb digestatu un koksnes pelnus, ka arT pétit augu baribas
elementu atkartotas izmantoSanas iesp€jas sistéma: augsne — augi — digestats /
pelni — augsne — augi.

Pétijuma uzdevumi

1. Izvertét digestatu un koksnes pelnus ka energétisko zalaugu méslosanas
lidzeklus.

2. Noskaidrot digestata optimalas normas un izmantoSanas reZimu
miezabrala méslosana.

3. Izpéetit slapekla, fosfora, kalija aprites ciklu sistéma: augsne — augi —
digestats/ pelni — augsne — augi.

4. Veikt miezabrala un auzenairenes meslosanas ekonomisko izvertgjumu.

Darba hipotéze

Meéslosana lietojot  bioenergijas raZzoSanas  blakusproduktus —
fermentacijas atlieckas jeb digestatu un koksnes pelnus, ir iesp&jams dal&ji segt
energétisko zalaugu prasibas péc baribas elementiem, tad&jadi nodroSinot
elementu atgrieSanu apritg.

Aizstavamas tézes

1. Bioenergijas razo$anas blakusproduktu izmantoSana vismaz par 50%
samazina augu baribas elementu vajadzibu energétiskiem zalaugiem.

2. Lietojot palielinatas digestata normas daliti, vairakas reizes sezona, ir
iesp&jams iegiit augstakas miezabrala sausnas razas.

3. Lietojot energétisko =zalaugu meslosana bioenergijas razoSanas
blakusproduktus, ka arT veicot zalaugu plauSanu augu atmirsanas fazg, ir
iesp&jama slapekla, fosfora un kalija atkartota izmantoSanas.

4. Digestata un pelnu lietoSana zalaugu meslosana samazina mésloSanas
izmaksas.

Pétijuma novitate. Pasaulé aizvien aktualaka klGst atjaunojamo
energoresursu Ipatsvara palielinaSana, ka arT noslégta augu baribas elementu
cikla veidoSana. Latvija lidz Sim So jautajumu kopsakariba attieciba uz
energétisko zalaugu audze$anu praktiski nav pétita.

Pétijuma rezultatu aprobacija

P&c $1 petijuma rezultatiem sagatavotas 5 publikacijas, kuras indeksétas
Scopus un/vai Web of Science datu bazes, 6 publikacijas konferencu rakstu
krajumos. Sniegti 6 mutiskie un 5 stenda zinojumi zinatniskajas konferences.



PETIJUMA APSTAKLI UN METODES

Pétijumu vieta. Latvijas Lauksaimniecibas universitates (LLU)
Zemkopibas zinatniskaja instithta (ZZI) Skriveros (56°41° ziemelu platuma un
25°08’ austrumu garuma) laika posma no 2012. lidz 2016. gadam tika veikti
pétijumi, iekartojot divus lauka izméginajumus: 1) mésloSanas izméginajumu
Pardencu lauka, kur mieZabrala un auzenairenes s€jumos lietoja atSkirigus
meslosanas lidzeklus, nodrosinot vienadu NPK daudzumu;
2) mikroizméginajumu, kur miezabrala s€juma salidzinaja atSkirigas digestata
méslojuma normas un ta lietoSanas rezimu.

Augshe. Izméginajuma lauka augsne Parden¢u lauka - virsgji
velénglejota (Latvijas aug$nu klasifikacija), atbilstosi starptautiskajai (WRB)
augsnu klasifikacijai — Endocalcaric Katostagnic Glossic Retisol (Aric, Cutanic,
Drainic, Katoloamic, Ochric). Augsnes granulometriskais sastavs — Smaga
smalka malsmilts un galvenie agrokimiskie raditdji bija $adi: vidéjs organisko
vielu saturs (29.1 — 34.3 g kg?); reakcija pH KCI 5.9 — 6.5; loti augsts
nodro$inajums ar fosforu (235.3 — 352.3 mg kg P20Os) un vidgjs nodrosinajums
ar kaliju (127.5 — 155.9 mg kg K;0).

Mikroizméginajuma bija virsgji velénglejota smil§mala augsne, Eutric
Retisol (Aric, Cutanic, Drainic, Loamic, Ochric), kuras reakcija pH KCI 6.4,
organisko vielu saturs 25.1 g kg?, augsts nodro$inajums ar fosforu
(187.2 mg kg P20s) un vidgjs ar kaliju (110.4 mg kg* K,0).

Meslo$anas varianti. Pardencu izméginajuma tika pétita atSkirigu
méslosanas lidzek]u lietoSanas efektivitate miezabrala (Phalaris arundinacea L.)
‘Bamse’ un auzenairenes (x Festulolium) ‘Felina’ méslosana, izmantojot
bioenergijas razosanas blakusproduktus — koksnes pelnus un digestatu. Tika
salidzinati 5 méslosanas varianti Cetros atkartojumos, kuri tika izvietoti
randomizgti:

1. kontrole (K), bez méslosanas lidzeklu lietoSanas;

2. mineralmésli (Mm);

3. koksnes pelni (P);

4. digestats (D1) — digestata pilna norma, lietota vienu reizi sezona — agri

pavasari péc vegetacijas atjauno$anas;

5. digestats (D2) — digestata norma lietota daliti divas reizes sezona — agri
pavasari pec vegetacijas atjaunoSanas un rudeni p&c zalaugu biomasas
novaksanas.

Zalaugu s&ja veikta 2012. gada julija parastaja rindsgja, izmantojot
s€jmasinu ‘Nordsten NS-1025'". |zs€jas norma: miezabralim 12, bet auzenairenei
15 kg ha’. Viena laucina kopgja platiba 43.2 m?, razas uzskaites platiba — 10 m?.

Mgslosanas Iidzeklu normas tika izvelétas ar aprékinu, lai katra
meslosanas varianta tiktu iestradats vienads daudzums slapekla (N); fosfora
(P20s) un kalija (K20), attiecigi 100, 80 un 160 kg ha™* gada. Digestata un pelnu
méslojuma variantos iztrikstoSie baribas elementi tika kompenséti ar
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mineralmésliem, kuri tika izmantoti arT mineralmeslu (Mm) varianta: amonija
nitrats (34.4% N); superfosfats (20.0% P20s), kalija sulfats (51% K:O) un kalija
hlorids (60% K;0). S§jas gada méslojuma normas tika samazinatas uz pusi,
lietojot 50 kg ha N; 40 kg ha! P,Os un 80 kg ha* K;O. S&jas gada méslojums
tika iestradats augsné pirms zalaugu s€jas, turpmakajos gados izkliedéts pa
augoSiem augiem un atstats bez iestrades. Varianta D2 digestata norma tika
lietota divos piegajienos: puse tika izkliedéta vegetacijas sakuma; otra deva —
vegetacijas beigas péc zalaugu zelmenu novaksanas.

Mikroizmégindjuma salidzinaja seSus digestata méslosanas variantus,
izmantojot atskirigas digestata normas un lietoSanas reZimus. Digestata normas
aprekinaja atbilstosi slapeklim (no 0 lidz 150 kg ha™* N) un izklied&ja ka vienu,
divas vai tris devas vegetacijas perioda laika. MésloSanas varianti un to
raksturojums skat. 1. tabula.

1. tabula/ Table 1
MeésloSanas lidzeklu lietosana mikroizméginajuma
Fertiliser use in the micro-trial

Variants / Digestats / Méslojuma lietoSanas laiks / Time of
Treatment Digestate, fertiliser application
kg hal N
NO 0 Netika lietots / Not used
N30 30 1) vs* — Nao
N60 60 1) vs — Neo
N60 (30+30) 60 1) vs — Nso; 2) vww** — Nsp
N90 (30+30+30) 90 1) vs — Nsp; 2) v — Nso; 3) vb*** — Nao
N120 (40+40+40) 120 1) vs — N4o; 2) 1. pl. — Nao; 3) vb — Nao
N150 (50+50+50) 150 1) vs — Nsp; 2) 1. pl. — Nso; 3) vb — Nso

*Vvs — vegetacijas sakuma / at the beginning of the vegetation
**yv — vegetacijas vidi — péc 1. plavuma / after the 1% cut
***vbh — vegetacijas perioda beigas / at the end of vegetation

Megslojuma varianti izkartoti randomizeti 4 atkartojumos, katrs laucins
1 m? platiba tika norobeZots ar plastikata malinam, kuras bija ieraktas augsné
20 cm dziluma. Pirms miezabrala sgjas digestats tika iestradats augsné,
turpmakajos gados — izkliedets pa augoSiem augiem un atstats bez iestrades.
Miezabrala s€ja veikta 2012. gada augusta, izmantojot mazgabarita mehaniski
stumjamu sgjmasinu. Izs€jas norma 15 kg ha'® seklas.

Mgslosanai izmantoja digestata skidro frakciju, kas iegiita raudz€Sanas
procesa nosléguma péc separéSanas. Pirms katras mésloSanas reizes veica
digestata un koksnes pelnu kimisko analizi, lai preciz&tu ta lieto$anas devu. Augu
baribas elementu saturs digestata svarstijas §adas robezas, g L% N 2.08 — 5.10;
P2050.47 — 1.76 un K20 2.20 — 4.44 (skat. 2. tab.). Slapeklis digestata lielakoties



bija amonija forma (N-NH.), tas svarstijas no 1.69 lidz 2.47 g L't N-NHa, kas
vidgji sastadija 58 — 85% no kopgja slapekla daudzuma digestata.

2. tabula / Table 2
Izméginajumos izmantota digestata un koksnes pelnu kimiskais sastavs /
Chemical composition of digestate and wood ash used in the experiments

Slapeklis /
Mgslosanas lidzeklis / S/a[l;,s\zla Nitrogen, g L P20s, | K20, Eeakc_lja /
Fertiliser 0% | kopgjais tsk-/ gLt | gL? eaction,
0)  total incl. pH
N-NH4
D* 2012 5.4 2.08 n.d. 167 | 3.33 7.9
D* 2013 4.8 2.71 1.69 047 | 2.20 8.0
D* 2014 4.4 4.20 247 176 | 4.44 7.9
D* 2015 n.d. 5.10 n.d. 0.70 | 3.70 8.3
D BMI**13-| 3.5 2.80 2.38 0.67 | 2.50 8.2
D BMI**13-2 34 3.50 n.d. 0.69 | 2.64 8.2
D BMI**14-1 3.7 2.50 2.13 0.71 | 2.30 8.1
58'3,’3%?,?351'1 nd. | 040 ~ | 1090|316 | nd
582”31,/5%(3?3&3?* nd. | 020 ~ | 450 | 30| nd

* Fermentacijas atliekas (digestats) no biogazes razotném lopkopibas saimniecibas /
Fermentation residues from biogas plants of livestock farms

** Zalaugu fermentacijas atlikumi no Biomehanikas institiita Riga / Grass fermentation
residues from the Institute of Biomechanics in Riga

*** Stabilizéti koksnes pelni no Siguldas pasvaldibas katlumajas / Stabilized wood ash
from Sigulda municipal boiler house

n.d. Datu nav / No data

Novérojumi, uzskaites, analizes. Tris lictoSanas gados veica zalaugu
sausnas razas Uzskaiti viena plavuma un divu plavumu reZzima: plausanu viena
plavuma rezima (rudens plavums) un arT otro plavumu veica augu atmirSanas
fazé septembra beigas — oktobra sakuma; pirmo plavumu veica pilnas
skaroSanas/varpoSanas faz€ junija vidi. Pirma un rudens plavuma zelmeniem
veica struktiras analizi — noteica lapu, stiebru, varpu/skaru ipatsvaru.
LVMI ‘Silava’ Meza vides laboratorija tika veikta razas kimiska analize,
noteikts: pelnu, kopgja oglekla (C); slapekla (N); fosfora (P); kalija (K); kalcija
(Ca) un magnija (Mg) saturs. lzmantotas $adas metodes: pelnu saturs —
parpelnojot mufelkrasni; oglekla un séra saturs — izmantojot elementanalizatoru;
kopgjais slapeklis — atbilstosi Kjeldala metodei; fosfors, kalijs, kalcijs un magnijs
—pelnu izvilkuma. Visas izmantotas metodes atbilst LVS 1SO standartiem. Pirms
izméginajumu s€jas, ka arT zalaugu ceturtaja lietoSanas gada (2012. un



2016. gada) tika veikta augsnes agrokimiska analize. Noteiktie raditaji un
pielietotas analizu metodes ir apkopotas 3. tabula.

3. tabula / Table 3
Augsnes agrokimisko raditaju noteik§anas metodes / Methods for
determination of soil agrochemical properties

Raditajs / Property Metode / Method
Augsnes granulometriskais sastavs / Slapja sijasana un sedimentacija / Wet
Soil texture sieving and sedimentation (LVS ISO 11277)

100 mL metala cilindri / 100 mL metal
cylinders (LVS ISO 11272:1998)

1.0 M KCl1 uzdulkojums / 1.0 M KCI
suspension (LVS ISO 10390/NAC)
Sausa sadedzina$ana / Dry combustion
(LVS ISO 10694)

Volumetriski / Volumetrically (LVS ISO
10693:1995)

Modificeta Kjeldala metode / Modified
Kjeldahl method (LVS ISO 11261)

0.2 M HCI ekstrakta, spektrofotometriski
(LVS 398) / 0.2 M HCI extract,
spectrophotometrically

0.2 M HCI ekstrakta, liesmas fotometrs
(LVS 398) /0.2 M HCI extract, flame

Augsnes blivums / Soil bulk density

Augsnes reakcija / Soil reaction

Kopgjais ogleklis / Total carbon

Karbonati / Carbonates

Kopgjais slapeklis / Total nitrogen

Augiem izmantojamais fosfors / Plant
available phosphorus

Augiem izmantojamais kalijs / Plant
available potassium

photometry
Mineralais slapeklis (nitratu un 0.1 M NaCl ekstrakta, spektrofotometriski
amonija) / Mineral nitrogen (nitrate (LVS 398) /0.2 M NaCl extract,
and ammonium) spectrophotometrically

Saja darba fosfora un kalija koncentracijas izteik$anai augsné, augu
baribas elementu izneses un bilances aprékiniem, ka arT apziméjot atbilstosas
mesloSanas normas un devas, tiek izmantota to oksidu forma (P>Os un K;O).
Tapec teksta $aja konteksta lietotie nosacitie apzim&jumi fosfors un kalijs nozimé
attiecigi P2Os un K2O. Savukart zalaugu biomasas kimiskais sastavs, ieskaitot ar
fosforu un kaliju, tiek noradits elementu veida: N, P, K, C.

Meéslosanas efektivitates aprékini. Augu baribas elementu (NPK) iznese
aprékinata, nemot vera sausnas razu un tas kimisko sastavu. Augu baribas
elementu bilance izteikta div€jadi: gan péc masas (iedota un iznesta starpiba,
kg ha'l), gan arf relativi, iznesta Tpatsvars procentuali no iedota daudzuma.

Viens no efektivitati raksturojoSiem raditajiem zalaugiem var biit iegiita
sausnas raza, attiecinot to uz 1 kg lietota slapekla (razas indekss jeb Ngr). Ka otru
var aprékinat razas pieaugumu (méslotajos variantos iegiita raza minus kontroles
varianta iegiitd raza), kas attiecinata uz 1 kg lietoto slapekli (razas pieauguma
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indekss — Nrp). Iegtitie raditaji abos gadijumos bis relativi, jo viss ieglitas razas
apjoms vai arT razas pieaugums tiek attiecinats uz slapekli, ignorgjot fosfora un
kalija ietekmi.

Lai spriestu par lietota méslojuma izmanto$anos, tika aprékinats slapekla,
fosfora un kalija ta sauktais “Skietamas izmantoSanas” koeficients (Ns, P un
Ky ). Lietotais pienémums — augu baribas elementa iznesas starpiba méslotaja
un neméslotaja varianta, attiecinata pret ar méslojumu iedoto slapekla (fosfora
vai kalija) daudzumu. Aprékina tiek pienemts, ka augi vienada daudzuma
izmanto augu baribas elementus no augsnes gan kontroles, gan arT méslotajos
variantos.

Tika aprekinatas mineralméslu, koksnes pelnu un digestata lietoSanas
izmaksas pie nosacijuma, ka zalaugiem Visos variantos tiek nodroSinata
ekvivalenta slapekla, fosfora un kalija tirvielas norma. Tika salidzinatas ari
mieZabrala méslosanas izmaksas, lietojot atskirigas digestata m&slojuma normas.
Meéslojuma transport&sanas un izkliedes izmaksu noteik$anai izmantots LLKC?!
tehnisko pakalpojumu vidgjo cenu apkopojums p&dgjo piecu gadu laika (2016. —
2020).

Datu matematiska apstrade. Izméginajumos iegitie dati tika statistiski
apstradati, izmantojot aprakstosas statistikas metodiku. Variacijas koeficients
(V%) < 10% raksturots ka zems, > 20% ka augsts. Datu analizei izmantota
, Microsoft Office Excel” datorprogramma, pielietojot divfaktoru un
daudzfaktoru dispersijas analizi, korelacijas un faktoranalizes metodes. Iegiito
datu butiskuma vértéSanai un kopgjo sakaribu analizei tika izmantots FiSera
kritérijs (F). AtSkiribas starp variantu vid&jiem raditajiem v&rtétas, izmantojot
robezstarpibu ar ticamibas pakapi 0.05 (RSo.0s).

! Latvijas Lauku konsultaciju un izglitibas centrs
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PETIJUMU REZULTATI UN DISKUSIJA

1. Méslojuma ietekme uz zalaugu razu

Zalaugu sausnas razu batiski ietekmgja zalaugu suga, lietotais meslojums,
ka arT plauSanas rezims. Bez méslojuma lietoSanas tika ieglitas buitiski zemakas
sausnas razas — miezabralim vidgji 3.87 t hal un 4.60 t ha; auzenairenei
2.09 t halun 2.43 t ha'l, attiecigi divu plavumu un viena plavuma rezima. Visu
mésloSanas lidzeklu lietoSana nodroSinaja biitiski augstakas zalaugu sausnas
razas saltdzinajuma ar kontroles variantu, kur méslosanas Iidzekli netika lietoti.
Vidgji tris lictoSanas gados divu plavumu rezima sausnas raza miezabralim,
atkariba no lietota méslojuma, svarstljas no 5.64 t hal Iidz 8.14 t ha;
auzenairenei no 3.63 t ha Iidz 5.34 t hal. Viena plavuma reZima méslotajos
variantos sausnas raza miezabralim svarstijas no 6.24 t ha lidz 8.11 t ha’;
auzenairenei no 3.98 t ha lidz 7.02 t ha'* (skat. 4. tab.).

4. tabula/ Table 4
Zalaugu sausnas raZza atkariba no méslojuma un plausanas reZima /
Dry matter yield (DMY) depending on fertilisation and mowing regime

. Phalaris arundinacea L. x Festulolium
Megslojums / — - — = - —
Treatment 2 plavumi / 1 plavums/ | 2 plavumi / 1 plavums /
2 cuts* 1 cut** 2 cuts* 1 cut**
Kontrole / Control 3.87+0.17 4.60+0.33 2.09+0.24 2.43+0.18
Mineralmésli/
Mineral fertilisers 7.91+0.38 8.11+0.19 5.06+0.31 6.85+0.19
Pelni / Wood ash 8.14+0.67 8.08+0.40 5.34+0.41 7.02+0.52
D1/ Digestate 1x 5.71+0.33 6.24+0.31 3.63+0.17 4.39+0.34
D2 / Digestate 2x 5.64+0.25 6.43+0.29 3.80+0.29 3.98+0.25
Rs0.05 / LSDo.0s 1.37 0.98 0.92 1.11

* — 2 plavumi / 2 cuts — divi plavumi sezona / two cuts per season
*—1 plavums / 1 cut — viens plavums sezona / one cut per season

Salidzino8i efektivak tika izmantoti mineralmésli (Mm) un pelnu
meéslojums (P), kuru lietoSana tris gadu perioda nodro$inaja augstakas sausnas
razas, attiecigi 7.14 t ha (P) un 6.98 t ha! (Mm) abam zalaugu sugam vidgji
(1. att). ArT digestata méslojums deva batisku (p < 0.05) saushas raZas
pieaugumu salidzinajuma ar kontroles variantu (+1.73 t ha vid&ji abam sugam),
tomer digestata méslojuma lietoSana nenodrosinaja pelnu un mineralméslu
variantos iegiito razas Iimeni. Tam par iemeslu varéja but iesp&jamas slapekla
emisijas amonjaka veida, nemot véra faktu, ka digestata liela dala slapekla bija
sada forma un digestats, tapat ka citi méslosanas Iidzekli, zelmenu izmantoSanas
gados tika izklied&ts virspus&ji. Kaut arT slapekla emisijas netika noteiktas,
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citviet veiktie p&tijumi liecina, ka digestata esosais amonija slapeklis, ja nenotiek
ta iestrade augsné, dal&ji emite.

9 -
< 8
£ 4 :
o 5
& 4
T 3
> 14
o 0
P 2 plav./| 1 plav./
c
g 2cuts | lcut
©
@ Méslqums/ Treatment Plaus. rezims / | Suga/
Mowing regime | Species

Ph. arundinacea m x Festulolium Vidgji / Average

1. att. / Fig. 1. Sausnas raza atSkirigu faktoru ietekmée vidéji divos
plausanas rezimos, t ha™/ Dry matter yield affected by different factors, on
average in two mowing regimes

Digestata lietoSana gan viena panémiena, gan daliti divos panémienos
nodros§indja lidzvertigu sausnas razu. Toties tika konstatétas bitiskas atSkiribas
sausnas razas zina starp zalaugu sugam: vidgji tris gadu perioda abos plausanas
reZimos visos meéslojuma variantos bitiski (p < 0.05) augstaku sausnas razu
nodro$inaja miezabrala zelmeni — 6.47 t hal, kamér auzenairenes videja raza bija
ieveérojami zemaka — 4.46 t hal. Atskiribas starp plauSanas reZimiem nevar vertet
viennozimigi: sausnas razas ats$kiras pa plavumiem, izmantoSanas gadiem,
sugam un arT méslosanas variantiem, bet kopuma tris lietosanas gados augstaka
sausnas raza tika iegtita viena plavuma rezZima.

Faktoru analize paradija, ka zalaugu sausnas razu visvairak ietekmgja
méslojums: ta ietekmes ipatsvars vid€ji abam sugam bija 56.6%. Otrs
nozimigakais faktors bija zalaugu suga (27.7%). Plausanas rezima ietekmes
Tpatsvars vidgji bija 4.1% (2. att.).

Visas digestata méslojuma normas nodro$indja biatiski (p < 0.05)
augstakas sausnas razas salidzinajuma ar kontroles variantu (3. att.). Miezabrala
sausnas raza mikroizméginajuma ar at$kirigam digestata normam un lietoSanas
reZimu divu plavumu rezima vidgji tris lietoSanas gados svarstijas no 4.99 t ha
neméslotaja (kontroles) varianta 1idz 8.99 t hal varianta ar augstako digestata
devu (N150 (50+50+50)). Nebitiski zemaka bija sausnas raza, lietojot digestata
normas N120 (40+40+40) (8.75 t ha't) un N60 (8.45 t hat). Bitiski augstakas
mieZabrala sausnas razas vidgji tris lietoSanas gados tika iegtitas viena plavuma
reZima salidzindjuma ar divu plavumu reZimu, attiecigi 10.09 t ha?’ un
7.49 t hal. Viena plavuma rezima biitiski augstaka sausnas raZa tika iegiita,
lietojot augstako digestata normu N150 (50+50+50) (12.67 t hal). Iegiitie dati
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uzskatami paradija miezabralim raksturigas augu baribas elementu aprites
prieksrocibas, kuras augu atmir$anas faz€ lauj parvietot baribas elementus no
virszemes dalam uz sakném.

m Citi / Others

m Atkartojumi / Replicates

100% - . .
Vide / Environment

80% -

60% ® Méslojums / Treatment

6 -

40% - Plaus. reZims /Mowing
regime .

20% - W Slga / Species

0%

2. att. / Fig. 2. Faktoru ietekme uz zalaugu sausnas razu, % / Importance of
factors on dry matter yield of grasses

16
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B2 plav. rezims / 2 cuts regime 1 plav. rezZims / 1 cut regime

3. att. / Fig. 3. Miezabrala sausnas raza atkariba no digestata lieto$anas
normas, t ha / Dry matter yield of reed canary grass depending on
application rate of digestate

2. Razas struktiira

Zalaugu zelmenu sausnas kvalitate var butiski atSkirties atkariba no to
struktiiras — lapu un stiebru Tpatsvara, kurs§ var mainities dazadu faktoru ietekme.
Biokurinama razoSanai vélami zelmeni ar iesp&jami augstaku stiebru Tpatsvaru.
Augstakais stiebru ipatsvars (68.9% — 74.9%) miezabralim tika konstatéts rudens
plavumam viena plavuma rezima. Divu plavumu rezima vidgji tris lietosanas
gados butiski augstaks stiebru Tpatsvars (61.0% — 70.2%) tika konstatéts

13



1. plavuma, 2. plavuma tas svarstijas 46.6% — 51.6% robezas (skat. 5. tab.).
Zemakais stiebru Tpatsvars visos plavumos tika konstatéts kontroles varianta.
Bitiski augstaks tas bija 1. plavuma mineralméslu (Mm) un pelnu (P) méslojuma
variantos. Lidzigas tendences paradijas arT rudens plavuma viena plavuma
rezima. Ziedkopu (skaras / varpas) daudzums viena plavuma rezima fikséts
pavisam nieciga daudzuma: 0.2 — 0.3% apmeéra, jo vélina razas vakSanas termina
del ziedkopas bija dalgji iznicinatas — noltizu$as, nobirusas utt.

5. tabula / Table 5
Zalaugu zelmena razas struktiira, % sausnas
Grass yield structure, % (dry matter)

- 2. plavums / Rudens plavums /
1. plavums / 1st cut 2nd cut Autumn cut
Meéslos.
variants/ Em ] ;E Ew ] Ew w8 ;E
Treatment~ | 8= | 85| 52 | 55| 5| 5| §5 52
S O c o X © S O < o = O < @ X ©
172} " o 2] 172} w o
Phalaris arundinacea L.
K 61.0 37.6 1.5 47.8 52.3 68.9 30.8 0.3
Mm 70.2 28.2 1.6 51.6 48.4 73.2 26.5 0.3
P 70.1 28.5 1.4 51.1 48.9 74.9 24.8 0.3
D1 64.5 34.1 1.4 48.9 51.1 71.8 28.0 0.2
D2 66.7 31.5 1.8 46.6 53.4 70.7 29.0 0.3
Rsoss / 835 | 896 | 1.40 | 6.01 | 601 | 861 | 869 | 0.22
LSDo.05
xFestulolium
K 48.0 38,5 135 6.1 93.9 34.8 61.6 4.3
Mm 50.5 39.7 9.8 8.5 91.5 24.6 72.5 2.9
P 44,0 43.7 12.3 12.1 87.9 22.1 75.6 2.3
D1 48.6 40.3 11.1 6.7 93.3 275 69.3 3.3
D2 49.2 39.0 11.8 8.9 91.1 30.9 66.0 3.2
Rsoos / 10.82 | 11.86 | 3.74 | 6.33 | 6.33 | 1456 | 1595 | 2.37
LSDo.05

* Meslosanas variants / Treatment: K — kontrole bez méslojuma lietosanas / control
without fertiliser; Mm — mineralmésli / mineral fertilisers; P — pelnu méslojums / wood
ash; D1 — digestats, lietots viena panémiena / full rate of digestate, applied in one
treatment; D2 — digestats, lietots daliti divos panémienos / split rate of digestate, applied
in two treatments

Auzenairenei stiebru Tpatsvars kopuma bija zemaks salidzindjuma ar
mieZabrali (44.0 — 50.5% 1. plavuma; 6.1 — 12.1%, 2. plavuma; 22.1 — 34.8%
rudens plavuma). Netika konstatetas biitiskas atSkiribas stiebru Tpatsvara zina
meslosanas variantu starpa. Auzenairenei tika konstatéts ievérojami augstaks
ziedkopu Tpatsvars 1. plavuma (9.8 — 13.5%). Rudens plavuma iepriek§minéto
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iemeslu dél (noltisana, nobirSana utt.) arT auzenairenei ziedkopu ipatsvars
salidzinajuma ar 1. plavumu bija ieveérojami zemaks, tas svarstijas no 2.3% lidz
4.3%, bet atSkiribas starp mésloSanas variantiem nebija statistiski batiskas.
Kopuma bitiski augstaku stiebru Tpatsvaru nodrosinaja miezabrala zelmeni un
viena plavuma reZims (abam sugam).

Arl mikroizm@ginajuma viena plavuma rezima tika konstatéts batiski
augstaks stiebru Tpatsvars — vidgji 63.8% salidzinajuma ar 56.0% divu plavumu
rezima. Palielinot digestata méslojuma normu, palielinajas miezabrala ziedkopu
Tpatsvars no 1.4% lidz 5.1%, 1. plavuma, iezimgjot likumsakaribu: jo augstaka
digestata norma, jo augstaks ziedkopu ipatsvars. Sis raditdjs ir pasi nozimigs
seklaudzesanas s€jumos.

3. Razas Kimiskais sastavs

Pelnu saturs svarstfjas atkariba no auga dalas, zalaugu sugas un
plausanas laika. Miezabrala lapas, salidzinajuma ar auzenairenes lapam,
konstatéts bitiski (p < 0.05) zemaks pelnu saturs, kas kurinama izejmaterialam
vertejams pozitivi: 7.7% un 8.5% 1. plavuma; 6.3% un 7.2% rudens plavuma,
attiecigi miezabralim un auzenairenei. Gan miezabrala, gan auzenairenes
stiebros bija biitiski zemaks pelnu saturs salidzinajuma ar lapam: tas svarstijas
ap 5.8% 1. plavuma un ap 3.5 — 4.3% rudens plavuma. IzskiroSa nozime pelnu
satura zina bija plausanas laikam — gan miezabralim, gan auzenairenei bitiski
zemaks pelnu saturs konstatéts rudens plavuma — vidgji 5.4%, kamér 1. plavuma
zelmeni tas vid&ji bija 6.5%, bet 2. plavuma 8.4%. Tas skaidrojams ar augu
baribas elementu translokaciju no virszemes dalam uz sakném augu atmirSanas
faze, ka arl mineralvielu iesp&amo izskalo$anos no biomasas ar nokrisniem.
Apkopojot abu sugu vid&jos raditajus, konstatéts, ka pelnu saturs pirmaja un
rudens plavuma attiecigi bija: 8.1% un 6.7% lapas; ka ar1 5.8% un 3.9% stiebros.
Iegttie dati lauj secinat, ka, veicot zalaugu plausanu augu atmirSanas fazg, kad
stiebru Ipatsvars zelmeni ir augstaks, var iegiit kvalitativaku izejmaterialu
kurinama razo$anai, jo pelnu saturs stiebros bija ievérojami zemaks, tas svarstijas
ap 5%. Pelnu saturs miezabrala un auzenairenes ziedkopas bija gandriz identisks
— vidgji 5.3% un 5.4%. Vertgjot meslojuma ietekmi, konstatéts, ka miezabralim
zemakais pelnu saturs bija razigakajiem zelmeniem, mineralm&slu un pelnu
variantos, savukart auzenairenei nekonstatéja butiskas atSkiribas. Miezabrala
sausna pelnu saturs bija butiski zemaks salidzinajuma ar auzenaireni: attiecigi
6.54% un 7.06% (skat. 6. tab.).

Ogleklis (C) ir galvenais degosais elements kurinamaja. Atkariba no auga
dalas, zalaugu sugas, plausanas laika un lietota méslojuma ta daudzums svarstijas
vidgji no 454 Iidz 539 g kg C. Bitiski (p < 0.05) augstaks oglekla saturs tika
konstatets, lietojot mineralmé&slus (Mm) (skat. 6. tab.). Liela nozime bija auga
dalai — stiebri saturgja vairak oglekla. Atkariba no plavuma, butiski augstaks
oglekla saturs tika konstatéts rudens plavuma — vidgji 505.9 g kg* C. Pirma un
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otra plavuma zelmenos oglekla saturs praktiski neatSkiras, tas attiecigi bija
475.1 un 477.1 g kg! C. Bitiski augstaks oglekla saturs tika konstatéts
miezabralim, vid&ji visos plavumos 488.0 g kg™ (rudens plavuma vidgji bija
514.2 g kg%, 1. un 2. plavuma attiecigi 471.7 g kgt un 478.1 g kg?), kamer
auzenairenei tas bija videji 484.1 g kg?! (no 476.2 g kg 2. plavuma lidz
497.6 g kg™ rudens plavuma) (skat. 6.tab.).

6. tabula / Table 6
Zalaugu sausnas Kimiskais sastavs vidéji visos plavumos /
Chemical composition of grass dry matter, average of all cuts

Méslojums / Fertilisation

K 7.03+0.34 | 483.7£4.75 | 11.07£0.11 | 2.26+0.01 | 14.47+0.17
Mm 6.39+£0.21 | 490.6+1.18 | 12.65+0.31 | 1.80+0.06 | 15.21+0.73
P 6.69+0.09 | 487.5+3.40 | 13.10+0.19 | 1.91+0.02 | 15.85+0.64
D1 6.82+0.11 | 485.3£3.97 | 11.39+0.47 | 2.20+0.04 | 16.99+0.54
D2 7.05+£0.11 | 483.2+1.92 | 10.91+0.06 | 2.24+0.06 | 16.44+0.62
Suga / Species

Ph'. 6.54+0.29 | 488.0+4.59 | 10.91+0.19 | 2.29+0.04 | 14.05+0.21
arundinacea — ===

xFestulolium 7.06+0.05 | 484.1+1.50 | 12.74+0.03 | 1.87+0.05 | 17.53+0.22

Slapeklis (N) zalaugu sausna kurinamajam nav v€lams, jo tas degSanas
laika emite. Atkariba no zalaugu sugas un lietota méslojuma vidgjais slapekla
saturs svarsttjas no 11.11 g kg 1idz 20.73 g kg 1. plavuma; no 11.04 g kg lidz
14.26 g kg* 2. plavuma un no 6.53 g kg Iidz 11.45 g kg™ rudens plavuma.
Bitiski vairak slapekla saturgja zelmeni pelnu (P) un mineralméslu (Mm)
variantos — attiecigi 13.10 g kg™ N unl12.65 g kg N vidgji abos plauSanas
rezimos (Skat. 6. tab.). Batiskas at3kiribas slapekla satura zina bija novérojamas
sugu starpd, miezabralis saturgja mazak slapekla — vidgji 10.91 g kg* N
(1288 g kg'! N 1. plavuma; 1282 g kg' N 2. plavuma un
7.03 g kg! N rudens plavuma). Auzenairenei slapekla saturs bija vidgji
12.74 g kg N (svarstijas no 10.46 g kg N rudens plavuma lidz 16.25 g kg N
1. plavuma). Stiebri saturgja vidgji 2.5 reizes mazak slapekla neka lapas.

Fosfora (P) saturs zalaugu sausna bija salidzino§i zems, vid&ji svarstijas
0.5 — 2.5 g kg! P robezas. Augstaks fosfora saturs bija lapas, turklat 1. plavuma
lapas tas bija biitiski augstaks (1.97 — 2.66 g kg™ P) salidzinajuma ar rudens
plavumu, kur fosfora saturs lapas svarstijas no 1.68 Iidz 2.11 g kg™t P. Zemakais
fosfora saturs konstatéts auzenairenes stiebros rudens plavuma (0.48 —
0.79 g kg P), kamér miezabrala stiebros tas bija ievérojami (2 — 3 reizes)
augstaks, svarstijas no 1.12 1idz 2.20 g kg* P. Pirma un otra plavuma zelmenos
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kopuma netika konstat€tas biutiskas atSkiribas fosfora satura zina, bet rudens
plavuma tas bija butiski zemaks. Sugu starpa butiski augstaks fosfora saturs visos
plavumos bija miezabrala zelmeniem.

Kalijs (K) pazemina pelnu kuSanas temperatiru, kas vertéjams ka
negativs process, tadé] biokurinama razosanai jacensas ieglit zalaugu sausnu ar
iesp&jami zemaku kalija saturu. Batiski (p < 0.05) zemaks (vidgji 2 — 4 reizes
salidzinajuma ar 1. plavumu) kalija saturs bija rudens plavuma. Salidzinot sugu
starpa, konstatgts, ka butiski zemaks kalija saturs visos plavumos gan stiebros,
gan lapas bija miezabralim, turklat miezabrala lapas un stiebros kalija saturs bija
lidzvertigs. Turprett auzenairenes lapas visos plavumos konstatets biitiski
augstaks (vidgji 22.1 g kg'! K) kalija saturs salidzinagjuma ar stiebriem
(13.65 g kg* K). Kaut arf rezultati vari€ja pa plavumiem, kopuma zalaugu sausna
ar zemako kalija saturu tika iegiita kontroles varianta, savukart butiski augstaks
kalija saturs bija ar digestatu méslotajos zelmenos, kas varétu but skaidrojams ar
to, ka digestata esosais kalijs bija augiem vieglak uznemama forma. MieZabrala
sausna visos plavumos konstatéts butiski zemaks kalija saturs salidzinajuma ar
auzenaireni, vidgjie raditaji bija attiecigi 14.05 g kg' K un
1753 g kg! K (skat. 6. tab.). Lidzigas tendences — augstaks kalija saturs
mésloSanas ietekm€ salidzinajuma ar neméslotajiem zelmeniem, ka arl pie
augstakam kalija meéslojuma normam ir konstatétas ari citu pétnieku
izm&ginajumos.

Kopuma var secinat, ka zalaugu sausnas kimisko sastavu ietekmgja
vairaki faktori. Pelnu satura zina izskiroSa nozime bija auga dalai (49.2%) un
plausanas rezimam (34.2%). Sugas izvéle pelnu saturu ietekmé&ja 6.1% apmera,
méslojums — 3.3% apmeéra (4. att.).

100% -
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40% -
20% - - - -
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Pelni / Ashes Ogleklis / Carbon Slapeklis / Nitrogen
® Plaus. rez. / Mowing regime Auga dala / Part of plant
m Suga/ Species m Mgéslojums / Fertiliser
Citi / Others

4, att. / Fig. 4. Dazadu faktoru ietekme uz zalaugu sausnas kimisko sastavu
/ Influence of different factors on the chemical composition of grass dry matter
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Ari oglekla un slapekla saturu liela méra noteica zelmena frakcija jeb auga
dala (attiecigi 43.9% un 54.9%) un plausanas reZims (attiecigi 26.3% un 27.9%).
Oglekla saturu 10.3% apméra noteica sugas izvéle, savukart slapekla saturu 9.6%
apmera ietekmgja lietotais meéslojums. Atskirigas digestata meslojuma normas
neatstaja biitisku ietekmi uz miezabrala zelmena kimisko sastavu — vidgjais pelnu
saturs miezabrala sausna vidgji viena un divu plavumu reZima pa méslosanas
variantiem svarstfjas no 6.2% lidz 6.9%. Tapat netika konstatetas bitiskas
atSkiribas oglekla, slapekla un arT kalija satura zina.

4. Augu baribas elementu iznese ar razu

Augu baribas elementu (NPK) saimnieciska iznese jeb augu baribas
elementu daudzums, kuru visa p&tijumu perioda ar razu aizgadaja projam no
lauka, pa gadiem svarstijas plasa amplitada, un bija atkarigs no iegttas razas un
tas kimiska sastava. Tadgjadi faktori, kas ietekm&ja Sos lielumus, summari
atspogulojas ar izneses skaitliskajas vertibas. Lielako ietekmi uz iznesi veidoja
petita zalaugu suga un zelmena plausanas rezims.

Slapekla (N) iznese vidéji gada divu plavumu rezZima miezabralim varigja
no 54.0 kg ha* N bez méslojuma izmantoSanas lidz 142.9 kg ha™* N, lietojot pelnu
méslojumu (skat. 7. tab.). Viena plavuma rezima slapekla iznese bija vidgji divas
reizes zemaka, ta variéja no 39.0 kg ha! N bez méslojuma lictosanas Iidz
69.1 kg ha! N, lietojot mineralméslus.

7. tabula / Table 7
Slapekla (N) un kalija (K20) iznese, kg ha! gada / Nitrogen (N) and
potassium (K.O) removal, kg ha'* per year

Méslosanas Slapeklis / Nitrogen (N) Kalijs / Potassium (K20)
variants / divi plavumi / | viens plavums | divi plavumi/ | viens plavums
Treatment two cuts / delayed cut two cuts / delayed cut
Phalaris arundinacea L.
K 54.0+£3.21 39.0+£3.11 92.6+5.59 45.2+3.60
Mm 113.2+£3.07 69.1+0.44 207.3+5.41 70.6+£0.45
P 142.948.30 68.2+5.17 202.3+11.77 75.1+5.69
D1 94.5+6.14 56.3+2.69 170.5+11.44 69.8+3.33
D2 80.6+4.26 40.5+0.82 152.0+8.68 80.8+1.64
xFestulolium
K 23.2+2.17 22.142.43 43.4+4.17 38.6+4.23
Mm 67.3+1.53 78.7+4.07 108.7+2.49 129.846.71
P 73.3+4.66 77.2+2.82 115.0+7.16 134.6+4.91
D1 44.6x1.57 42.0+2.83 89.3+3.15 85.6+5.76
D2 39.4+1.51 36.6+2.14 85.9+3.20 52.5+3.07
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Auzenairenei abos plauSanas rezimos slapekla iznese bija butiski zemaka
salidzinajuma ar miezabrali. To galvenokart noteica sausnas raza, kas
auzenairenei $aja izméginajuma bija zemaka. Divu plavumu reZima auzenairene
gada videji iznesa no 23.2 kg hal N bez méslojuma lietofanas Iidz
73.3 kg ha* N, lietojot pelnu meslojumu. Auzenairenei, atSkiriba no miezabrala,
slapekla iznese abos plausanas rezimos bija loti lidziga, viena plavuma reZima,
ta svarstTjas no 22.1 kg ha™* N bez méslojuma lietosanas, 11dz 78.7 kg ha%, lietojot
mineralméslus. Iegiitie dati parada butiskas atSkiribas abu zalaugu sugu starpa
slapekla uznemsanas un izmantosanas zina.

Fosfora (P20s) iznese, salidzinajuma ar slapekli, bija ievérojami zemaka.
Miezabralim diva plavumu rezima gada vid&ji ta svarstjas no
24.2 kg ha* P,Os kontroles varianta Iidz 48.0 kg ha P,Os pelnu varianta. Viena
plavuma rezima fosfora iznese miezabralim bija gandriz divas reizes zemaka
neka divu plavumu rezima, savukart starp méslosanas variantiem viena plavuma
rezima fosfora iznese varigja daudz mazaka méra — no 22.2 kg ha' P,Os bez
méslojuma lietosanas Iidz 26.5 kg ha?' P,Os, lietojot pelnu méslojumu.
Auzenairenei fosfora iznese bija vidgji divas reizes zemaka neka miezabralim,
divu plavumu rezima ta svarstijas no 9.4 kg hal P,Os bez méslojuma lidz
19.8 kg hal P,Os, lietojot pelnu méslojumu. Viena plavuma rezima fosfora
iznese auzenairenei bija vidgji par 50% zemaka neka divu plavumu rezima, ta
svarstijas no 6.0 kg hal P,Os kontroles varianta Iidz 12.9 kg ha' P,Os
mineralméslu varianta.

Kalija (K20) iznese bija visaugstaka, ta parsniedza slapekla (N) iznesi
apméram 1.5 — 2 reizes. Vidgji pa plavumiem ta sastadija: 191%; 154% un 151%
no slapekla izneses attiecigi pirmajam, otrajam un rudens plavumam. Bitiskas
atskiribas kalija izneses zina tika konstatgtas gan starp plausanas reZimiem, gan
sugam: miezabrilis lielako kalija daudzumu (207.3 kg ha! K;0) iznesa divu
plavumu rezima, lietojot mineralm@slus, savukart viena plavuma rezima
augstaka kalija iznese (75.1 kg ha'? K;0) veidojas pelnu méslojuma varianta (P).
Auzenairenei augstaka kalija iznese abos plausanas rezZimos bija, lietojot pelnu
(P) méslojumu — 115 un 134.6 kg ha! K;0, attiecigi divu plavumu reZima un
viena plavuma rezima (skat. 7. tab.). Lietojot pelnu meéslojumu un
mineralméslus, kalija iznese bija bitiski augstaka salidzinajuma ar iznes€m abos
digestata méslojuma variantos, kur ta svarstjas no 152.0 Iidz
170.5 kg ha! K;0. Kopuma viena plavuma reZima visos méslojuma variantos
miezabralis ar raZzu iznesa pat 2 — 3 reizes mazak kalija neka divu plavumu
rezima. Atskirtba no miezabrala, auzenairenei kalija iznese pa plauSanas
reZimiem biitiski neatSkiras.

Augu baribas elementu iznese atSkirigu digestata méslojuma normu
ietekm@ svarstijas plasa amplitada. Slapekla iznese viena plavuma rezima gada
vid&ji svarstijas no 69.56 1idz 103.7 kg ha® N; divu plavumu rezima no 81.19
Iidz 158.21 kg ha N (5. att.). Zemaka slapekla iznese abos plauianas reZimos
tika konstatéta nemg&slotaja varianta; augstaka bija, lietojot digestata méslojumu
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NG60 viena plavuma reZima un, lietojot digestata m&slojumu N120 (40+40+40)
divu plavumu rezima. Fosfora (P2Os) iznese vidgji tris lietosanas gados divu
plavumu rezima bija 26.46 — 51.81 kg ha' P,Os gada; viena plavuma reZima
26.32 —43.47 kg ha! P,Os gada. Atskiriba no slapekla un kalija, fosfora izneses
zina netika konstatétas butiskas atSkiribas pa plauSanas reZzimiem. Augstaka
fosfora iznese viena plavuma rezima bija, lietojot digestata méslojumu
N150 (50+50+50) un N60, attiecigi 43.47 kg ha* P,Os un 42.54 kg ha* P,Os
gada; savukart divu plavumu rezima lielakais fosfora daudzums tika iznests,
lietojot digestatu N120 (40+40+40); N90 (30+30+30) un N150 (50+50+50), kur
tika iznesti attiecigi 51.81 kg ha* P,Os; 46.67 kg ha* P,Os un 46.28 kg ha'* P,0s.
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5. att. / Fig. 5. Slapekla (N) un Kalija (K20) iznese vidéji tris lietoSanas
gados, kg ha* gada / Nitrogen (N) and potassium (K20) removal (three years
average), kg ha* per year

Kalija (K20) iznese, atkariba no digestata normas, svarstijas no
122.74 — 246.02 kg ha! K;0O gada. Savukart viena plavuma rezima kalija iznese
bija lidziga slapekla iznesei, Un svarstijas no 69.74 lidz 105.84 kg ha K,0 gada.
Zemakas kalija izneses abos plausanas rezimos, 11dzigi ka slapeklim, konstat&tas
nemeslotaja varianta; augstakas — divu plavumu rezima, lietojot digestata normu
N60 (217.95 kg ha* K20) un N120 (40+40+40) (246.02kg ha! K,0), bet viena
plavuma rezima, lietojot digestata normu N60 (105.84 kg ha* K20). Vidgji visos
mésloSanas variantos tris lietoSanas gados viena plavuma rezima tika iznests
apméram uz pusi mazaks kalija daudzums neka divu plavumu rezima: attiecigi
92.54 un 202.32 kg ha! K;0 gada.

Augu baribas elementu bilance tika rékinata visam izm&ginajumu
periodam kopa, sakot no s€jumu ierikosanas Iidz razas novaksanai 3. lietoSanas
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gada. NPK bilance tika aprékinata ka starpiba starp ar méslojumu ienesto
slapekla (N), fosfora (P20s) un kalija (K2O) kopgjo daudzumu un to NPK
daudzumu, kas tris gadu laika tika iznests ar novakto razu. Ja parskata perioda
veidojas augu baribas elementu parpalikums, t.i., ienese bija lielaka par iznesi,
veidojas pozitiva bilance (izsakot procentuali > 100%) un otradi, iznesei
parsniedzot ienesi, veidojas negativa bilance (< 100%). Vertgjot NPK bilanci trs
zalaugu lietoSanas gados kopa, var secinat, ka viena plavuma rezZima visos
meéslosSanas variantos ta bija pozitiva — tika ienests lielaks minéto augu baribas
elementu daudzums, neka iznests ar sausnas razu. Divu plavumu rezima kopuma
NPK bilance veidojas zemaka, atseviSskos mésloSanas variantos ta bija pat
negativa.

Slapekla bilance gandriz visos méslotajos variantos bija pozitiva.
Izm@ginajumu perioda kopa ar méslo$anas lidzekliem tika ienesti 350 kg ha™* N.
Viena plavuma rezima slapekla bilance stipri svarstfjas atkariba no lietota
mésloSanas Iidzekla: miezabralim no 131 kg ha'l N jeb 160%, lietojot
mineralméslus, 11dz 244 kg ha* N jeb 330%, lietojot digestata normu daliti (D2);
auzenairenei no 95 kg ha? N jeb 137% lietojot mineralméslus, lidz
237 kg hal N jeb 312%, lictojot digestatu daliti (D2) (6. att.).
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6. att. / Fig. 6. Slapekla bilance kopa tris zelmena lietoSanas gados, kg ha /
Nitrogen balance over three years of sward use

Atskiribas slapekla bilances zina galvenokart noteica ievakta sausnas
raza. Divu plavumu rezima slapekla bilance kopuma bija zemaka, zalaugi ar
sausnas razu iznesa ievérojami vairak slapekla, lidz ar to iznestais slapekla
daudzums bija tuvaks ienestajam. Atseviskos méslojuma variantos veidojas pat
negativa slapekla bilance — miezabralim ta svarstijas no -55 kg ha® N jeb 86%,
lietojot pelnu méslojumu (P), Iidz 121 kg ha™* N jeb 153%, lietojot digestatu daliti
(D2). Savukart auzenairenei ta bija pozitiva — no 78 kg ha* N jeb 129%, lietojot
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pelnu méslojumu (P), 1idz 206 kg ha™ N jeb 244%, lietojot digestatu daliti (D2).
Salidzinot slapekla bilanci sugu starpa, konstatéts, ka lielaku slapekla daudzumu
razas veidoSanai tris gadu perioda kopa patéréja miezabralis, jo ta sausnas raza
bija butiski augstaka. legitie rezultati parada, ka divu plavumu rezima slapekla
bilance miezabralim bija biitiski zemaka neka viena plavuma rezima, un $aja
gadijuma galvena nozime bija slapekla saturam miezabrala sausna razas
vaksanas laika. To, iesp&jams, ietekm&ja miezabrala sp&ja augu atmirSanas faze
parvietot slapekli no augu virszemes dalam uz sakném. Auzenairenei slapekla
bilance abos plausanas rezimos bitiski neatskiras.

Fosfora bilance méslotajos variantos vari€ja atkariba no zalaugu sugas
un plausanas rezima. Lai arT atSkiribas nebija biitiskas, zinamas tendences bija
vérojamas. Izméginajumu perioda kopa ar méslosanas Iidzekliem tika ienesti
280 kg ha! P,0s. Viena plavuma rezima miezabralim fosfora bilance s
lietoSanas gados kopa svarstfjas no 200 kg ha' P,Os jeb 351%, lietojot
mineralmeslus, Iidz 225 kg ha P,Os jeb 511%, lietojot digestatu daliti (D2).
Auzenairenei ta svarstijas no 238 kg ha P,Os jeb 668%, lietojot mineralméslus,
lidz 252 kg ha P,Os jeb 998%, lietojot digestatu viena panémiena (D1) (7. att.).
Divu plavumu rezima fosfora bilance bija zemaka, ta izméginajumu perioda kopa
svarstijas miezabralim no 143 kg ha™* P,Os jeb 205%, lietojot mineralméslus, lidz
178 kg hal P,0s jeb 276%, lietojot digestatu daliti (D2); auzenairenei no
206 kg ha! P,Os jeb 382%, lietojot mineralméslus, Iidz 224 kg ha® P,Os jeb
503%, lietojot digestatu daliti (D2). Vertgjot fosfora bilanci var izdartt lidzigu
secinajumu — lai gan fosfora iznese skaitliski bija mazaka, ta bilance pa plausanas
rezimiem veidojas loti atskirigi.
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7. att. / Fig 7. Fosfora bilance kopa tris zelmena lietoSanas gados, kg ha /
Phosphorus balance over three years of sward use

Kalija bilance, atkariba no plausanas rezima un zalaugu sugas, veidojas
atSkirTga. Kopa izméginajumu perioda ar mésloSanas Iidzekliem augsné tika
ienesti 560 kg ha' K;0. Viena plavuma reZima méslotajos variantos miezabralim
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kalija bilance bija lidziga, ta svarstijas no 336 kg ha® K,O jeb 250%, lietojot
mineralmeéslus, Iidz 377 kg ha?! KO jeb 307%, lietojot digestatu viena
panémiena (D1) (8. att.). Auzenairenei kalija bilance ieveérojami svarstijas pa
variantiem: no 136 kg ha'l K,O jeb 132% ‘lietojot pelnu méslojumu, Iidz
399 kg ha! K;0 jeb 348%, lietojot digestatu daliti (D2). Divu plavumu reZima
kalija bilance veidojas ievérojami zemaka, atsevi§kos variantos bija pat negativa:
Mmiezabralim méslotajos variantos svarstTjas no -39 kg ha! K;O jeb 93%, lietojot
mineralm@slus, 1idz 131 kg ha' K,O jeb 131%, lietojot digestatu daliti (D2);
auzenairenei no 136 kg ha* K,O jeb 132%, lietojot pelnu méslojumu (P) Iidz
245 kg ha K20 jeb 178%, lietojot digestatu daliti (D2). Vertgjot kalija bilanci,
uzskatami paradijas plausanas rezima nozime augu baribas elementu aprité — pie
vienadam NPK méslojuma devam un lidzvértigam miezabrala sausnas razam
kalija iznese tris gadu perioda kopa atkiras vairakkartigi, lidz pat 375 kg ha’.

500 -
400 -
300 -

200 -
e
O,
-100 - Dl‘DZ‘I‘Mm‘ Dl\Dz

Ph.arundinacea ‘ x Festulolium

K,0, kg ha?

-200 -
-300 -

1 plav. rez. / 1 cut regime ™2 plav. rez. / 2 cuts regime " Vidgji / Average

8. att. / Fig. 8. Kalija bilance kopa tris zelmena lietosanas gados, kg ha*/
Potassium balance over three years of sward use

Izméginajumu perioda kopa ar zalaugu razu ievérojami lielaks augu
baribas elementu (NPK) daudzums no augsnes tika iznests divu plavumu rezima
salidzinajuma ar viena plavuma rezimu. lzteiktas atSkiribas bija v€rojamas
miezabralim, kuram divu plavumu rezima bilance veidojas apméram uz pusi
zemaka neka viena plavuma reZima. To noteica atSkiribas sausnas kimiska
sastava zina — miezabralim rudens plavuma tika konstatéts biitiski zemaks NPK
saturs salidzinajuma ar divu plavumu rezZima ievakto sausnu, bet auzenairenei
NPK saturs at$kirigos plavumos vari€ja daudz mazaka mera, turklat viena
plavuma reZima auzenairenes sausnas raza bija augstaka, kas zinama meéra
izlidzinaja NPK bilanci abos plauSanas rezimos. NPK negativa bilance kontroles
varianta ilustré to baribas elementu daudzumu, ko zalaugiem spg&j nodrosinat
augsne. Izméginajuma konstatétie augstie fosfora pozitivas bilances raditaji
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meslotajos variantos, rékinot summari tris gadu perioda, lauj secinat, ka augsnés
ar vidgju un augstu fosfora nodroSinajumu lietojamas zemakas fosfora
meslojuma normas, seviski, lietojot digestata méslojumu daliti (D2).

5. Slapekla izmantoSanas efektivitate

Lai novertetu lietota slapekla méslojuma izmanto$anas agronomisko
efektivitati, var lietot dazadus pienémumus un rezultata iegut atSkirigus
efektivitati raksturojosos raditajus. Nosaciti tos var saukt par indeksiem. Viens
no efektivitati raksturojoSiem raditajiem zalaugiem var biit ieglita sausnas raza,
attiecinot to uz 1 kg lietota slapekla (razas indekss jeb NR). Ka otru var aprékinat
razas pieaugumu mésloSanas ietekme, kas attiecinata uz 1 kg lietoto slapekli
(razas pieauguma indekss — Ngrp). Iegitie raditaji abos gadijumos bis relativi, jo
viss iegiitas razas apjoms vai ari razas picaugums tiek attiecinats uz slapekli,
ignorgjot fosfora un kalija ietekmi.

Razas indekss (Nr). Abam zalaugu sugam augstaks razas indekss (Nr)
bija viena plavuma rezima — vidgji 63.9 salidzinajuma ar 56.6 divu plavumu
rezima. Vidgji tris lictoSanas gados viena plavuma rezima Nr indekss svarstijas:
miezabralim no 62.4, lietojot digestatu viena panémiena (D1), lidz 81.1, lietojot
mineralméslus; auzenairenei no 39.8, lietojot digestatu daliti (D2), lidz 70.2,
lietojot pelnu meslojumu. Divu plavumu rezima vidgji trs lietoSanas gados Nr
indekss bija zemaks: miezabralim no 56.4, lietojot digestatu daliti (D2) lidz 81.4,
lietojot pelnu meslojumu; auzenairenei no 36.3, lietojot digestatu viena
panemiena (D1), Iidz 53.4, lietojot pelnu m&slojumu. Vidgji tris lietoSanas gados
batiski augstaks Nr indekss abos plausanas reZimos tika konstatéts miezabralim
—vidg&ji 68.5 un 72.2, attiecigi divu un viena plavuma rezima, kamér auzenairenei
tas bija butiski zemaks — vidgji 44.6 un 55.6, attiecigi divu un viena plavuma
rezima. Vertgjot atSkiribas méslosanas variantu starpa, augstakais Ngr indekss
abam sugam abos plausanas rezimos tika konstatéts, lietojot pelnu méslojumu:
vidgji 81.1 miezabralim un 61.8 auzenairenei. Tikai nedaudz zemaki Ng indeksi
iegiti, lietojot mineralméslus: attiecigi 80.1 un 59.6. Vairakos izmé&ginajumos
graudaugiem Iidziga veida aprekinatais Nr indekss svarstfjas ap
40 — 70 (kg graudu uz kg N). Zalaugiem slapekla izmantoSanas efektivitate bija
salidzinos$i augstaka, jo tika uzskaitita visa virszemes masa, kamer graudaugiem
lidzigos aprekinos nem véra tikai graudu razu.

RazZas pieauguma indekss (Nrp) labak atspogulo méslojuma ietekmi
attieciba uz iegiito kulttraugu razu, jo augsnes auglibas faktors vairs netiek
pieskaitits kop&jam meslojuma devumam. Lietojot pieaugoSas meslojuma
normas, ar $T indeksa palidzibu ir iesp&jams izsekot ari razibas liknei, tas ir, cik
strauji notiek razas palielinajums noteiktad m&slojuma normas intervala. Tadejadi
Nrp indekss parada efektivitati, ar kadu augi izmanto katru papildus pielietoto
méslojuma vienibu. MieZabralim Ngp svarstijas no 16.4 (D1) Iidz 35.1 (Mm)
viena plavuma rezima un no 17.7 (D2) lidz 42.7 (P) divu plavumu reZima;
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auzenairenei attiecigi: no 15.5 (D2) lidz 45.9 (P) un no 15.4 (D1) Iidz 32.5 (P).
Augstaks Nrp miezabralim tika konstatéts divu plavumu rezima, attiecigi
29.8 pret 26.2, savukart auzenairenei augstaks Ngrp bija viena plavuma rezima,
attiecigi 31.3 pret 23.7 (9. att.). Vidgji abam sugam augstaks Nge tika konstat&ts
viena plavuma rezima: 28.7 pret 26.7. Pa gadiem Ngrp indekss palielingjas no
24.8 lidz 33.4, attiecigi 1. un 3. lictoSanas gada. Zalaugu sugu starpa netika
konstatgtas biitiskas atSkiribas: miezabralim vid&ji abos plauSanas reZimos Nrp
bija 28.0; auzenairenei — 27.5. Kopuma veértgjot, iegiitiec Nrp raditaji zalaugiem
bija salidzinosi augsti, ja salidzina ar graudaugiem, kuriem Ngp vid&ji svarstas
10 — 30 robezas, un indekss >30 tiek vertets, ka loti augsts. Tadu parasti iegiist
vai nu efektivi parvalditas sistemas, vai pie zemam slapekla devam, vai art pie
zema augsnes nodrosinajuma ar slapekli. Nrp indeksu var palielinat, optimizgjot
slapekla me@slojuma izmanto$anas, kultirauga izvéles un augsnes
apsaimniekosanas praksi.
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9. att. / Fig. 9. Slapekla izmanto$anas agronomiska efektivitate (Nre) /
Agronomic efficiency of nitrogen use (Ngrp)

Mikroizmégindajuma augstaks razas pieauguma indekss (Nrp) bija viena
plavuma rezZima — vidgji visos meslojuma variantos 64.7 salidzinajuma ar 38.3
divu plavumu rezima. Pa mésloSanas variantiem Ngp viena plavuma rezima
svarstijas no 39, lietojot slapekla normu N120 (40+40+40), Iidz 106, lietojot
slapekla normu N30 (10. att.). Nrp indeksam tika konstatéta negativa korelacija
ar slapekla normu: -0.35 un -0.39, attiecigi viena plavuma un divu plavumu
rezima. Arf citviet petjjumos konstatéts, ka sadi aprekinata slapekla méslojuma
efektivitate samazinas, pieaugot méslojuma normai.
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10. att. / Fig. 10. Slapekla izmanto$anas agronomiska efektivitate (Nrp)
mikroizméginajuma / Agronomic efficiency of nitrogen use (Nre)
in the micro-trial

Augu baribas elementu (NPK) izmanto$anas no lietota méslojuma.
Aprekinam tika izmantota ta saucama “starpibu metode”, pienemot, ka zalaugi
vienada meéra izmanto augsn€ esoSos augu baribas elementus gan nemeéslotaja
varianta (kontrol€), gan ari variantos, kur attiecigie augu baribas elementi tiek
lietoti. Tapéc no augu baribas elementu izneses méslotaja varianta tika atnemta
§1 pasa elementa iznese neméslotaja varianta un atlikums dalits ar pielietoto
méslojuma daudzumu tirviela. Sadi iegiito raditaju médz apzimét ka noteikta
elementa Skietamo izmantoSanos. legitie raditaji ir sakopoti 11. attgla.
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11. att. / Fig. 11. Slapekla, fosfora un kalija Skietamas izmantoS$anas /
Apparent recovery of the nitrogen, phosphorus and potassium use
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Rekinot $ada veida, slapekla skietama izmantosanas (Ng) ciesi korel&ja
ar iznesi: ieverojami zemaka ta bija viena plavuma rezima, jo zalaugu, seviski
miezabrala, sausna slapekla saturs plausanas bridi bija stipri samazindjies.
Miezabralim vidgji tris lietoSanas gados slapekla izmantoSanas pa plausanas
reZimiem atskiras apméram uz pusi — 23.4 un 49.5, attiecigi viena un divu
plavumu rezima. Auzenairenei, Kurai nepiemit izteikta sp&ja augu atmirSanas
faze parvietot augu baribas elementus no virszemes dalam uz sakném, atskiribas
pa plauSanas rezZimiem bija mazak izteiktas: vid&ji trfs gados Ny bija 38.4 un
43.6, attiecigi viena un divu plavumu rezZima.

Lidziga veida rékinot kalija un fosfora t.s. Skietamas izmantoSanas
koeficientus, konstatéts, ka miezabralim kalija Skietama izmanto$ana (Kg) divu
plavumu reZima bija tris reizes augstaka neka viena plavuma reZima, attiecigi
91.3 un 28.7, kamér auzenairenei atSkiribas bija nebiitiskas — 55.9 un 60.7,
attiecigi divu un viena plavuma reZzima. Fosfora Skietamas izmantoSanas
koeficients (Psx) miezabralim divu plavumu reZima bija Cetras reizes augstaks
neka viena plavuma rezima: attiecigi 16.6 un 4.0. Auzenairenei Py vidgji bija
11.0 un 5.2, attiecigi divu plavumu un viena plavuma reZima.

6. Augsnes agrokimisko raditaju izmainas mésloSanas ietekmée

Augsnes analizes, kuras tika veiktas pirms izméginajumu iekartosanas un
atkartoti p&c Cetriem gadiem, lava verte€t augsnes agrokimisko raditaju
iespgjamas izmainas mesloSanas un zalaugu audz€Sanas rezultatd. Analizu
rezultati atseviskiem parametriem uzradija nebutiskas (p < 0.05) izmainas pa
méslosanas variantiem, t.sk., augsnes pH Itmenim (pH KCI). Neskatoties uz
atskirigu meéslosanas lidzeklu izmanto$anu zalaugu mésloSana, augsnes pH
Itmenis cetru gadu perioda palika praktiski nemainigs. leglitie rezultati
neapstiprina pienémumu par to, ka regulara digestata méslojuma izmantoSana
var bitiski izmainit augsnes pH Itmeni. lesp&jams, $adi procesi norisinas loti
pakapeniski, bet miisu izméginajumos Cetru gadu laika netika konstatétas
statistiski pieradamas izmainas. L1dzigi rezultati iegiiti arT citviet petjjumos, kur
konstatgts, ka digestata izmantoSana augsnes pH praktiski neietekmé. Salidzinosi
augstaks augsnes pH limenis tika konstatéts pelnu mésloSanas varianta, kas
parada pelnu ietekmi augsnes skabuma neitralizésana. Tomér ari $aja gadijuma
atSkiribas lielakoties nebija biutiskas. Tam par iemeslu, iesp&ams, bija pelnu
meslojuma lietoSanas kopa ar mineralmesliem, lai kompensétu tritkstosos baribas
elementus, galvenokart N. Pelni neitraliz€ja mineralméslu radito augsnes
paskabinasanos.

Augstaks organisko vielu saturs konstatéts digestata méslojuma ietekmé,
kas norada uz organiska meéslojuma izmantoSanas pozitivo ietekmi augsnes
organiska oglekla krajumu palielinasana. Mé&slotajos variantos salidzinajuma ar
kontroli bija augstaks augiem viegli izmantojama fosfora saturs. Bitiski
(p < 0.05) augstaks tas bija pelnu varianta. Vertgjot kalija saturu, var secinat, ka
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visos méslotajos variantos kalija daudzums bija palielinajies (vidgji par
27.15 mg kg* K20), nodrosinot biitisku kalija satura pieaugumu augsné. Labakos
rezultatus Saja gadijuma nodro$inaja digestata méslojuma izmantosana, pozitivi
ietekmg&jot augsnes kalija rezervju palielinasanos. Zemakais fosfora un kalija
saturs likumsakarigi tika konstatéts nemeéslotajos variantos. legiitic augsnes
analizu rezultati rada, ka augsnei raksturiga ievérojama bufersp&ja, tapec
agrokimisko raditaju izmainas ¢etru gadu perioda bija niecigas.

Vertgjot digestata méslojuma ietekmi uz augsnes raditajiem
mikroizméginajuma, tika konstatétas pozitivas izmainas augu baribas vielu
satura zina. Jo augstaka bija lietota digestata norma, jo vairak palielinajas augiem
pieejama fosfora un kalija krajumi augsne (12. att.).
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12. att. / Fig. 12. Augiem viegli izmantojama fosfora un kalija izmainas
augsng, lietojot digestatu / Plant available phosphorus and potassium changes
in soil by the use of digestate

Izméginajuma tika konstatéta cie$a korelacija starp lietoto digestata devu
un: organisko vielu saturu (r = 0.93); augsnes reakciju pH KCI (r = 0.64); fosfora
saturu (r = 0.92) un kalija saturu, kur tika konstatéta visciesaka korelacija
(r = 0.99). Kaut arT vairumam raditaju palielinagjums nebija bitisks (p < 0.05),
pozitivas tendences liecina, ka regulara digestata izmantoSana zalaugu méslosana
var uzlabot augsnes agrokimiskos raditajus ilgtermina. Digestata lietoSana Cetru
gadu perioda nodroSinaja butisku augiem izmantojama kalija (K2O)
palielinajumu augsné praktiski visos digestata méslojuma variantos. Bitisks
fosfora (P.Os) satura pieaugums augsné, salidzinajuma ar kontroles un zemakas
digestata normas N30 variantiem, konstatéts, lietojot augstako digestata normu
N150 (50+50+50). Pargjos variantos, kaut armT mésloSanas ietekm& augiem
pieejama fosfora saturs paliclingjas, konstatétas atskiribas nebija statistiski
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pieradamas. Ari augsnes reakcijas zina tika novérotas pozitivas tendences —
augstaks augsnes pH Iimenis bija variantos ar augstakam digestata devam, kas
lauj secinat, ka digestata izmantoSana intensiva zalaugu audzESanas sisttma
izsledz augsnes paskabinasanos mésloSanas rezultata, bet augstaku digestata
normu lietosana var sekmét pakapenisku augsnes pH Iimena paaugstinasanos.

7. Méslosanas ekonomiskais izvertejums

Lidzas saimnieciskajam un ekologiskajam energétisko zalaugu
audzgSanas vertgjumam loti biitisks ir ekonomiskais aspekts, no ka liela méra bis
atkariga viena vai otra agrotehnisko pasakumu kompleksa izmanto$ana
ilgtermina. Tika salidzinatas at$kirigu méslosanas Iidzeklu, t.sk., mineralméslu,
koksnes pelnu un digestata izmantoSanas izmaksas, pie nosacijuma, ka Visos
mésloSanas variantos tiek nodroSinatas ekvivalentas galveno augu baribas
elementu (NPK) devas. Tapat tika salidzinatas zalaugu mésloSanas izmaksas,
izmantojot atSkirigas digestata meslojuma normas.

Mg&slojuma lietoSanas izmaksu aprékinam tika nemtas vera S$adas
pozicijas:

1. méslojuma iegades izmaksas;

2. m&slojuma transporté$anas no iegades vietas lidz laukam izmaksas;

3. m&slojuma izs&jas (izkliedes) izmaksas.

Meéslosanas Iidzeklu iegades izmaksas. Pelnus katlumajas parasti
piedava par brivu, jo visbiezak tos ir spiesti deponét ka atkritumus un tas veido
papildus izmaksas. Peéc LVMI? “Silava” pétnieku datiem, pelnu depongianas
izmaksas sastada aptuveni 39.50 EUR par tonnu. Tadel katlumaju
apsaimniekotaji labprat sadarbojas ar lauksaimniekiem un mezkopjiem,
kompensgjot pelnu iekrausanas izmaksas. Katlumajas biezi vien pilniba vai
dalgji sedz ari transporta izmaksas lidz saimniecibai, bet tas $ajos aprékinos
netika nemts vera. Aprékina netika ieklautas digestata iegades izmaksas, jo
biogazes razotnés digestats nepartraukti uzkrajas un nepiecieSams regulari
atbrivot lagiinas. Izmantoto mineralméslu: amonija salpetris (34.4% N);
vienkarsais superfosfats (19% P,0s); kalija hlorids (60% K20) iegades izmaksas
rékinaja, balstoties uz vidéjam 2020. gada mineralméslu cenam. Viena tirvielas
kilograma iegades izmaksas bija $adas: N = 0.844 EUR kg
P,Os = 1.684 EUR kg; K,O = 0.267 EUR kg™.

Transporté$anas izmaksas aprékinaja, izmantojot LLKC tehnisko
pakalpojumu vidgjo cenu apkopojumu Latvija ped&jo piecu gadu laika (2016. —
2020.). Izmaksas rékinatas pienemot, ka transportéSanas attalums ir 20 km.

IzkliedeSanas izmaksu apréekinos par pamatu tika nemtas tehnisko
pakalpojumu vidgjas cenas pedgjo piecu gadu laika. Pelniem veikti aprékini,
pienemot, ka tiek izmantoti granulétie pelni, jo daudzviet katlumajas

2 Latvijas Valsts meZzinatnes institiits
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tehnologiskaja procesa pelnus no kurtuvém uzreiz sajauc ar Gdeni un iegist
granulétos pelnus. Tie ir pietickami birstosi, lai tos izkliedétu ar mineralméslu
kliedetaju.

Augstakas izmaksas pelnu un digestata sastava esoSo augu baribas
elementu pielietosanai sastadija transporté$ana un izkliede. Mineralméslu
lietoSana liela nozime ir konkréta meslosanas Iidzekla izvélei, jo $aja gadfjuma
augstako izmaksu Ipatsvaru sastada méslosanas lidzekla cena. R&kinot péc
2020. gada mineralmeslu cenam, viena tirvielas kilograma izmantoSana zalaugu
méslosana (ieskaitot transport&Sanu un izkliedi) izmaksaja: 1.021 EUR kg™ N
(amonija nitrats), 1.861 EUR kg™ P,Os (superfosfats); 0.443 EUR kg KO
(kalija hlorids).

Salidzinot at$kirigu mé&slosanas Iidzeklu ar ekvivalentu galveno augu
baribas elementu (NPK) daudzumu izmanto$anas izmaksas, tika konstatéts, ka
visaugstakas izmaksas veidojas mineralméslu varianta — 163.48 EUR ha* sgjas
gadd un 314.48 EUR ha zelmena izmanto$anas gados. Salidzinosi zemakas
izmaksas veidojas pelnu varianta — 138.08 EUR ha un 260.75 EUR ha’,
attiecigi s€jas gada un zelmena izmantoSanas gados. Digestata méslojuma
izmantoSanas izmaksas uz platibas vienibu bija viszemakas, tas sastadija
63.59 EUR ha! sgjas gada; un 192.53 EUR ha Iidz 235.31 EUR ha™ zelmena
izmantoSanas gados. Salidzinajuma ar mineralmésliem, pelnu izmantoS$ana lava
ietaupit 25.40 EUR ha! sgjas gada un 54.15 EUR ha? zelmena izmantoSanas
gados, digestata izmantoSana lava ietaupit 99.89 EUR ha sgjas gada un no
79.59 lidz 122.37 EUR ha? zelmena izmantosanas gados (13. att.). Grafiski
atainotas mésloSanas lidzeklu lietoSanas izmaksas, pienemot, ka mineralméslu
lietoSanas izmaksas ir bazes jeb nulles linija.
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13. att. / Fig 13. Pelnu un digestata méslojuma izmantoS$anas izmaksas
salidzinajuma ar mineralmésliem, EUR ha/ Costs of ash and digestate use
compared to mineral fertiliser use
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Rekinot méslosanas izmaksas uz sarazotas miezabrala sausnas tonnu,
vidgji tris gadu perioda divu plavumu reZima tas svarstijas no 32.28 EUR t?,
lietojot pelnu meslojumu, 1idz 40.94 EUR t, lietojot digestatu viena paneémiena
(D1); viena plavuma rezima izmaksas bija loti lidzigas, tas svarstijas no
33.17 EUR t?, lietojot pelnu méslojumu, lidz 39.44 EUR t?, lietojot
mineralméslus. M&sloSanas izmaksas uz sarazotas auzenairenes sausnas tonnu
bija augstakas, vid&ji tris gadu perioda divu plavumu reZima svarstijas no
52.36 EUR t%, lietojot pelnu méslojumu, 1idz 68.48 EUR t7, lietojot digestatu
viena panémiena (D1); viena plavuma rezima, atSkirtba no miezabrala,
auzenairenei izmaksas bija ievérojami zemakas, tas svarstijas no 37.92 EUR t7,
lietojot pelnu méslojumu, Iidz 56.65 EUR t, lietojot digestatu viena panémiena
(D1). Veiktie aprekini lauj secinat, ka kopuma zemakas mésloSanas izmaksas
veidojas viena plavuma rezima. Miezabrala mésloSanas izmaksas uz saraZotas
sausnas vienibu divu plavumu reZima bija vidgji par 40% zemakas salidzinajuma
ar auzenaireni; viena plavuma reZima miezabrala mésloSanas izmaksas uz
sausnas tonnu bija vid&ji par 10% Iidz 40% zemakas salidzinajuma ar
auzenaireni.

Digestata izmantoSanas ekonomiskais pamatojums. Digestata
méslojuma izmanto$anas izmaksas miezabralim, atkariba no normas un digestata
sastava, pa gadiem svarstljas $adas robezas: no 35.29 EUR hal lidz
176.43 EUR ha 1. lietosanas gada; no 28.23 EUR ha™ Iidz 141.10 EUR ha
2. lietoSanas gada; no 39.52 EUR ha?lidz 197.60 EUR ha 3. lietoSanas gada
(14. att.). Miezabrala s€jas gada, kad tika lietota vienada digestata norma visos
variantos (40 kg ha'? N), méslosanas izmaksas bija 63.33 EUR ha’. Jo zemaka
digestata norma, jo proporcionali zemakas bija m&slojuma lietoSanas izmaksas
uz hektaru un otradi, jo galvenas izmaksas digestata méslojuma izmanto$ana
sastadija transportéSana un izkliede.
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14. att. / Fig. 14. Digestata méslojuma lietoSanas izmaksas ¢etru gadu
perioda, EUR ha / The costs of digestate use over a four-year period
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Vertgjot méslosanas izmaksas uz vienu sarazotas miezabrala sausnas
tonnu, konstatéts, ka salidzinosi zemakas izmaksas bija viena plavuma rezima,
kur tas svarstijas no 3.73 EUR t? varianta ar zemako digestata normu N30 Iidz
13.74 EUR t?! varianta ar augstako digestata normu N150 (50+50+50). Divu
plavumu reZima izmaksas svarstijas no 5.61 EUR t! varianta ar zemako digestata
normu N30 Iidz 19.52 EUR t! varianta ar augstako digestata normu
N150 (50+50+50). Vidgji viena plavuma rezZima mésloSanas izmaksas uz vienu
sarazoto sausnas tonnu bija par 40% (svarstijas robezas no 30% lidz 60%,
atkariba no varianta) zemakas neka divu plavumu reZima.

Kopuma var secinat, ka bioenergijas razoSanas blakusproduktu
izmantoSana zalaugu mésloSana lauj ievérojami samazinat me€sloSanas izmaksas
uz hektaru. Bioenergijas razosanas blakusproduktu, ipasi, digestata méslojuma
izmanto$anas lielakas izmaksas sastadija to izkliede. Jo koncentrétaks
meéslosanas Iidzeklis ar augstaku augu baribas elementu saturu, jo zemakas bija
izmaksas. MésloSanas izmaksas uz sarazotas zalaugu sausnas vienibu bija ciesi
saistitas ar sausnas razu — zemakas veidojas, lietojot pelnu méslojumu, kas
nodro§indja augstakas sausnas razas. Digestata méslojuma variantos tika iegitas
salidzinoSi zemakas sausnas razas, tadél mesloSanas izmaksas uz sarazotas
zalaugu sausnas tonnu bija augstakas. Tacu Seit janem véra digestata ka
organiskd méslosanas lidzekla pozitiva ietekme uz augsnes Ipasibam un augu
baribas elementu aprites cikla nodrosinasana, kura nozime aizvien palielinas.
Izmantojot modernakas digestata izkliedes tehnologijas, kas méslojumu lauj
iestradat augsn€ vismaz dalgji, ir iesp&ams bitiski samazinat augu baribas
elementu zudumus, paaugstinat méslojuma izmantosanas efektivitati un rezultata
kapinat zalaugu razas Iimeni. Kopuma var secinat, ka digestata un pelnu
izmantoSana zalaugu mésloSana ir perspektiva arT no ekonomiska viedokla.

SECINAJUMI

1. Pelnu méslojuma lietoSana, kompensgjot triikstoSos augu baribas elementus
ar mineralmesliem, nodro$inaja lidzvertigu iegiito sausnas razas ITmeni:
8.11 tha* (pelni) un 8.01 t ha (mineralmésli) mieZabralim; 6.18 t ha™* (pelni)
un 5.96 t ha'! (mineralmésli) auzenairenei.

2. Digestata méslojums nodrosindja butisku zalaugu sausnas razas picaugumu
salidzinajuma ar kontroli — 42% miezabralim un 75% auzenairenei vidgji
abos plausanas rezimos, tomér nesasniedza mineralméslu varianta iegiito
razas Itmeni. Netika konstatétas biutiskas atSkiribas sausnas razas
pieaugumam starp digestata m&slojuma lietoSanas rezimiem, kas lauj secinat,
ka butiskaka nozime bija kop&jam ienesta méslojuma daudzumam.

3. Augstaka digestata méslojuma norma nodroSindja augstaku miezabrala
sausnas razu, ta vidgji svarstijas no 6.53 t hal lidz 8.99 t hal divu plavumu
reZima; un no 9.25 t ha lidz 12.67 t ha viena plavuma rezima. Efektivaka
digestata méslojuma norma divu plavumu rezima bija N60. Viena plavuma
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rezima miezabrala sausnas raza pieauga proporcionali méslojuma normai,
katri ar digestatu papildus iedotie 30 kg ha'* N palielindja sausnas razu vidgji
par 1that.

. Bitiski augstaka sausnas raza iegiita viena plavuma rezima: vid&ji visos
mésloSanas variantos abam sugam — 5.81 t ha'? salidzinajuma ar 5.12 t ha™?
divu plavumu rezZima; izméginajuma ar atskirigam digestata normam iegutas
attiecigi 10.09 t ha un 7.49 t hal. Vidgji abos plausanas reZimos biitiski
augstaku sausnas razu nodro§indja miezabralis — vidgji 6.47 t hal,
salidzinajuma ar 4.46 t ha auzenairenei.

. Zelmena struktiiru bitiski ietekmé&ja: a) zalaugu suga: b) plausanas rezims;
¢) plausanas laiks; d) izmantotais m&slojums. Augstaks stiebru ipatsvars
konstatéts: a) miezabrala zelmenos; b) viena plavuma rezima; c) 1. plavuma
salidzinajuma ar 2. plavumu; d) lietojot mineralméslus un pelnu méslojumu.
. Zalaugu sausnas kimisko sastavu biitiski ietekmgja: a) zalaugu suga — zemaks
pelnu saturs bija miezabralim — 6.5% pret 7.1% auzenairenei; b) plausanas
laiks — zemaks pelnu un slapekla, bet augstaks oglekla saturs bija rudens
plavuma; c¢) auga dala — zemaks pelnu un slapekla saturs, un augstaks oglekla
saturs bija stiebros. Tika Konstatéts linears kalija satura samazinajums pa
plavumiem, nodroSinot butiskas atSkiribas starp visiem trim plausanas
terminiem: 26.21 g kg? K 1. plavuma; 15.32 g kg K 2. plavuma un
7.64 g kg K rudens plavuma.

. Augu baribas elementu iznesi biitiski ietekmg€ja: a) suga; b) plausanas reZzims;
¢) méslosanas lidzeklis, d) ieglita sausnas raza. Augstaka NPK iznese bija:
a) miezabralim; b) divu plavumu reZima; c) lietojot mineralméslu un pelnu
méslojumu. Ar zalaugu razu visvairak tika iznests kalijs, turklat divu
plavumu rezima kalija iznese bija uz pusi augstaka — 202.32 kg ha* K,0
salidzinajuma ar 92.54 kg ha™* KO viena plavuma rezima. Lidzigas tendences
tika novérotas arT attieciba uz slapekli un fosforu, kas apstiprina miezabrala
sp&ju augu atmirSanas fazg€ parvietot augu baribas elementus no auga
virszemes dalam uz sakném.

. Butiski augstaka slapekla izmantoSanas efektivitate abam sugam konstateta
viena plavuma rezima pelnu varianta. Lietojot atSkirTgas digestata meslojuma
normas konstateta negativa korelacija slapekla izmantosanas efektivitatei un
digestata normai: -0.44 un -0.48, attiecigi viena un divu plavumu rezima.

. Digestata un pelnu izmantoSana zalaugu meslosana tris lietoSanas gados lava
ievérojami samazinat mésloSanas izmaksas: no 1108.18 EUR ha™, lietojot
mineralm@slus, uz 920.33 EUR ha, lietojot pelnus, un uz 718.98 EUR ha,
lietojot digestatu. Zemakas izmaksas un sarazotas zalaugu sausnas vienibu
veidojas, lietojot pelnu méslojumu: miezabralim 32.28 EUR t* divu plavumu
rezZima un 33.17 EUR t? viena plavuma reZIma; auzenairenei attiecigi
52.36 EUR t! un 37.92 EUR t. Bioenergijas razo$anas blakusproduktu
izmantoSanas izmaksas bija ciesi saistitas ar sausnas razu.
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PRIEKSLIKUMI

1. Izmantojot zalaugu biomasu kurinamajam, plausanu ieteicams veikt vienu
reizi sezona péc iesp&jas velak rudeni, tas nodroSinas augstaku sausnas
razu, labaku kurinama materiala kvalitati un sekmés atkartotu augu baribas
elementu izmantoSanu, seviski saknenu tipa zalaugiem, nemot véra to
izteiktas spejas atmirSanas faz€ parvietot augu baribas elementus no
virszemes dalam uz sakném.

2. Planojot mésloSanas normas saknenu tipa zalaugiem, svarigi nemt veéra
planoto razas vaksanas reZimu — jo vélak rudent veiks plausanu, jo lielaks
augu baribas elementu daudzums bis parvietojies no virszemes dalam uz
sakném. Méslojuma (NPK) normas viena plavuma rezima miezabralim var
samazinat 11dz 50%.

3. lzKliedgjot digestata meslojumu, loti svarigi veikt ta iestradi, lai izvairitos
no slapekla zudumiem, tas laus paaugstinat mé&sloSanas efektivitati un
izvairities no vides piesarnojuma. M&renas digestata normas neattaisnojas
lietot daliti, jo velak sezona dotais méslojums nekompensg triikstoSo
pavasari.

4. Pelnu méslojuma izmantoSanu ieteicams kombin&t ar mineralmésliem,
nodro§inot augu vajadzibu péc slapekla. Tas lauj ievérojami samazinat
méslosanas izmaksas un sekmé atkartotu augu baribas elementu
izmantoSanu.

PATEICIBAS

Izsaku pateicibu LLU Zemkopibas institita kolekttvam, un jo Tpasi
zalaugu selekcijas grupai, par atbalstu un praktisko palidzibu izméginajumu
iekarto$ana, uzturéSana un datu ieguve.

Paldies Dr.agr. |Péterim Bérzinam| par padomiem, konsultacijam,
praktisko palidzibu datu sistematiz€Sana un matematiskaja apstrad€, ka art par
vertigiem ieteikumiem, moralo atbalstu un viedajiem vardiem.

Izsaku pateicibu LVMI “Silava” Meza vides laboratorijas darbiniekiem
par zalaugu paraugu un augsnes kimiskajam analizém, un par lielisko sadarbibu.

Paldies manai gimenei un radu lokam par atbalstu, praktisko palidzibu,
uzmundrindjumiem un ticibu.
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INTRODUCTION

Depletion of non-renewable energy resources, increasing environmental
pollution load, and climate changes impose also changes in the currently applied
methods for the use, consumption, recycling and utilisation of biological
resources. Fossil fuel resources are limited, they are irreversibly running out;
therefore, existing resources should be used as sustainably as possible, the share
of renewable energy resources should be increased, and the recycling of plant
nutrients should be improved, including also utilisation of bioenergy production
by-products. Bioenergy is the dominating renewable energy source, and, taking
into consideration political objectives, it can be expected that energy production
from the plant biomass obtained from agricultural land will increase in Europe.
In Latvia’s agro-climatic conditions, the use of grasses, including reed canary
grass (Phalaris arundinacea L.) and festulolium (xFestulolium), is perspective
for energy production, taking into consideration the productive longevity,
requirements for growing, and usage possibilities of grasses. The Green Deal —
the Action plan within the EU — is prepared, which aim is the achievement of
climate-neutral Europe until the year 2050. The Plan includes effective use of
resources by realisation of climate-neutral economy, restoration of biological
diversity, and a substantial decrease in pollution. Until 2030, it is envisaged to
decrease plant nutrient losses by 50%, ensuring that soil fertility does not decline.
Great amount of fossil energy is used for the production of mineral fertilisers;
therefore, as much as possible should be done to find the ways for substituting
plant nutrients in mineral fertilisers with those in waste products. Hence, it is
essential that the by-products (fermentation residues or digestate, and wood ash)
from bioenergy production process are returned back to the crop growing cycle
—they are recognized as a valuable source of plant nutrients.

Our general aim is to save the non-renewable recourses; therefore, it is
reasonable to recycle plant nutrients, e.g., to return the ash and digestate to the
soil from which energy crops had removed them. Above-mentioned materials are
able to facilitate atmospheric nitrogen fixation and the productivity of grasslands,
to improve the physical and chemical properties of the soil, as well as to
positively affect the economic and environmental factors. Therefore, the use of
those materials are a good alternative compared to commercial fertilisers.

Experimental data about the reuse of plant nutrients with wood ash and
digestate are very limited; therefore, many theoretical and practical issues are
still unclear. There is a need for additional information about the effectiveness of
that kind of fertilisers on the productivity and quality of grass swards,
agrochemical properties of soil, etc., to be sure that those materials are safe and
usable as high-quality fertilisers.

Due to this reason, the aim of our research was to study the recycling
possibilities of plant nutrients found in wood ash and digestate for fertilisation of
grasses cultivated for energy production, more specifically — the effectiveness of
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wood ash and digestate on the productivity of reed canary grass and festulolium
as well as their effect on agrochemical properties of soil within the system “soil
— crops — digestate/wood ash — soil — crops”™.

The aim of the Thesis

To evaluate the possibility for cultivating reed canary grass (Phalaris
arundinacea L.) ‘Bamse’ and festulolium (xFestulolium pabulare) ‘Felina’ for
bioenergy production by using wastes (digestate, and wood ash) as fertilisers for
grasses, as well as to evaluate the possibility of recycling plant nutrients within
the system “soil — crops — digestate/ash — soil — crops™.

Research goals

1. Toexamine digestate and wood ash as fertilisers for grasses cultivated for
energy production.

2. To find out the optimum rates of digestate use and the best method of its
application for reed canary grass.

3. To study the cycling of nitrogen, phosphorus and potassium within the
system “soil — crops — digestate/wood ash — soil — crops”.

4. To assess the economic factors of the fertilisation of reed canary grass and
festulolium.

Hypothesis of the Thesis

It is possible to partly cover the plant nutrient requirement of grasses
cultivated for energy production by using bioenergy by-products — fermentation
residues (digestate) and wood ash — as fertilisers and therefore to provide the
plant nutrient recycling.

Theses to be defended

1. The use of by-products from bioenergy production provides reduction of
plant nutrient needs for grasses at least by 50%.

2. By splitting high rates of digestate and applying them in several
treatments during vegetation, it is possible to provide higher dry matter
yields of reed canary grass.

3. It is possible to ensure the recycling of nitrogen, phosphorus and
potassium by using the by-products of bioenergy production and
harvesting the grasses in the stage of senescence.

4. The use of digestate and wood ash decrease fertilisation costs for
cultivated grasses.

Research novelty

The topicality of the use of renewable energy resources as well as the
creation of closed plant nutrient cycles is gradually increasing globally. Until
now, practically no research has been carried out on issues regarding the
interrelation between possibilities of cultivating energy grasses by means of such
closed plant nutrient cycles.

Approbation of study results

Based on the results of this study, 5 publications, which are indexed in
Scopus and/or Web of Science databases, 6 publications in conference
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proceedings, and 6 oral and 5 poster presentations in conferences have been
prepared.

MATERIALS AND METHODS

Location. Experiments were carried out in Skriveri (56°41° N and
25°08’ E), in the Research Institute of Agriculture, Latvia Unniversity of Life
Sciences and Technologies, during 2021-2016. Two field experiments were set
up: 1) in the Pardenci field, where different kinds of fertilisers were used for reed
canary grass and festulolium, with equal NPK application rates; 2) a micro-trial,
where different rates and several application regimes of digestate were used for
reed canary grass.

Soil. In the field of Pardenci, according to the Latvian classification —
Sod-stagnogley soil; according to international soil classification (WRB 2015) —
Endocalcaric Katostagnic Glossic Retisol (Aric, Cutanic, Drainic, Katoloamic,
Ochric). Soil texture — fine sandy loam. The main agrochemical parameters:
organic matter content — medium (29.1-34.3 g kgl); reaction pH KCI 5.9-6.5;
very high phosphorus content (235.3-352.3 mg kg P,0s) and medium plant
available potassium content (127.5-155.9 mg kg* K;0).

The soil of the micro-trial was Sod-stagnogley (Latvian classification) or
Eutric Retisol (Aric, Cutanic, Drainic, Loamic, Ochric) according to the WRB
2015, loam. Organic matter content — 25.1 g kg*; pH KCI 6.4; high content of
phosphorus (187.2 mg kg* P,0Os) and medium content of plant available
potassium (110.4 mg kg K;0).

Fertiliser use. In Pardenci field trial, different kinds of fertiliser for reed
canary grass (Phalaris arundinacea L.) ‘Bamse’ and festulolium (xFestulolium)
‘Felina’ were compared. Altogether, five different treatments were compared. A
randomised block design in four replicates was used. Fertiliser treatments were
as follows:

1) control plot (K), fertilisers were not used;

2) commercial (mineral) fertilisers (Mm);

3) wood ash (P);

4) digestate (D1) — full application rate — used once per season,
early spring after the renewal of vegetation;

5) digestate (D2) — split application of digestate — early spring, and
in autumn after harvesting of grass biomass.

The grasses were sown in rows using the seeder “Nordsten NS-1025 in
July 2012. Seeding rate for reed canary grass - 12 kg hal;
for festulolium — 15 kg ha. The total area of one plot — 43.2 m?; of the harvest
check plot — 10 m,

Fertiliser application rates were calculated taking into account that equal
amounts of nitrogen (N), phosphorus (P20s), and potassium (K20) should be
applied: 100, 80, and 160 kg ha* per year, respectively. In plots with digestate
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and wood ash, for the balancing of nutrients mineral fertilisers (ammonium
nitrate, 34.4% N, single superphosphate, 20.0% P,0Os, potassium sulphate,
51% K0, and potassium chloride, 60% K,0) were used, the same materials as
in the plot with commercial fertiliser treatment.

In the year of grass sowing, fertiliser rates were reduced and only
50 kg ha' N, 40 kg hal P,Os, and 80 kg ha! KO were applied.

Fertilisers were incorporated into the soil before grass sowing (the first
year of experiment). Afterwards, in the following years, all kinds of fertilisers
were top-dressed and left without incorporation. In treatment D2, the calculated
rate of digestate was split into two parts: one half was applied at the beginning
of vegetation, and the other part — at the end of vegetation after the harvesting of
biomass.

Six treatments were compared in the micro-trial. Different rates of
digestate (according to the nitrogen) and different timing of application were
examined. The rates of nitrogen were from zero (0) to 150 kg ha? N, and
application method — once, two, or three times for vegetation. The application
scheme is presented in Table 1.

A randomised block design in four replicates was used. Each plot with the
size of one m? was marked off using plastic borders 20 cm deep. Before sowing
the reed canary grass, the digestate was incorporated into the soil. In the
following years it was top-dressed on plants without incorporation. The sowing
of reed canary grass (15 kg ha't) was performed using a small hand-driven seeder.

The digestate used as a fertiliser was its liquid fraction obtained at the end
of fermentation after separation. In order to adjust fertiliser rates to NPK content
in digestate and wood ash, their chemical analysis was done before each
fertilisation treatment. Plant nutrient contents in digestate were as follows, g L:
N 2.08-5.10, P2050.47-1.76, and K0 2.20-4.44 (Table 2). Ammonium nitrogen
(N-NH,) was the dominating form, and its content was 1.69-2.47 g L or
58-85% from the total nitrogen found in digestate.

Observations, registrations, analysis. The grass swards were used for
three years. Dry matter yield was measured in one-cut and two-cut regime. If
one-cut regime was used, the biomass was harvested at the end of September or
the beginning of October at the stage of senescence. If two cuts were used, then
the first cut was at the stage of full panicle/spike development (middle of June),
and the second cut was at the stage of senescence.

The structural analysis was done to determine the weight of different
fractions: leaves, culms, panicles/spikes. The chemical analysis of biomass was
performed in the Laboratory of Forest Environment, Latvia State Forest Research
Institute “Silava”. The parameters analysed were ash content and total carbon
(C), sulphur (S), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and
magnesium (Mg). The following methods (according to the LVS ISO standard)
were employed: ash content — combustion in a muffle furnace; carbon and
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sulphur — elemental analyser (dry combustion); total nitrogen — the Kjeldahl
method; phosphorus and potassium — in acid extract after dry combustion.

Soil agrochemical properties were tested before the set-up (2012) as well
as at the end (2016) of the experiment. Methods for the determination of soil
agrochemical parameters are presented in Table 3.

In the Thesis, the concentration of phosphorus and potassium in soil,
indicators of plant nutrient removal and balances, as well as fertiliser application
rates are expressed as P2Os and K,O; whereas, the chemical composition of grass
biomass including phosphorus and potassium content is shown in the elemental
form (N, P, K, C).

Efficiency of fertiliser use. Plant nutrient (NPK) removal was calculated
taking into account the dry matter yield of grasses (harvested) and its chemical
composition. The plant nutrient balance was calculated using two methods: 1) as
a difference of input (plant nutrients applied) and output (removal by harvested
biomass), kg ha?, and 2) as a percentage of output against the input, %.

Plant nutrient use efficiency was also expressed using two different
indicators: yield indicator Nr — the amount of harvested dry matter yield (kg) per
one kg of nitrogen applied; yield increase indicator Nrp — the amount of harvested
dry matter yield increase due to fertiliser use (kg) per one kg of nitrogen applied.
In both cases, the results are only comparative, because all grass biomass yield
is related to the effect of nitrogen, ignoring the role of phosphorus and potassium.

To assess the efficiency of fertiliser use, the so-called “apparent recovery”
of plant nutrients was calculated (Nu, Pu, and Kg). An assumption was to
calculate the difference between NPK uptake in fertilised and unfertilised plots
and to divide it with the amount of nutrients applied using the following
procedure: [N (PK) crop uptake fertilised — N (PK) crop uptake unfertilised] / N
(PK) fertiliser input.

To assess the economy of fertilisation, the actual costs of the use of
mineral fertilisers, wood ash, and digestate were calculated assuming that
equivalent amounts of plant nutrients were applied in all cases. The economy of
increasing digestate application rates was also calculated. The transportation and
application costs were taken from the five-year survey (2016-2020) published
by the Latvian Rural Advisory and Training Centre.

Data processing. Descriptive statistics and analysis of variance were
used for the processing of experimental data (Microsoft Office Excel software).
The variance of V<10% was assumed as low, but >20% was assumed as high.
F-test was used for the assessment of significance of means using the least
significance difference level (LSD) 0.05.
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RESULTS AND DISCUSSION

1. Grass yield depending on fertiliser use

The species of grasses, applied fertiliser, and mowing regime had a
significant effect on grasses dry matter yield. No-fertiliser treatment gave
significantly lower yields: on average 3.87 t ha* and 4.60 t ha™* for reed canary
grass, and 2.09 t ha*and 2.43 t ha* for festulolium in a two-cut and one-cut
mowing regime, respectively. The application of all fertilisers produced
considerably higher dry matter yields compared to the control treatment (without
fertiliser). As a three-year average in a two-cut mowing regime depending on the
fertiliser applied, the dry matter yield varied from 5.64 t ha'* to 8.14 t ha™* for
reed canary grass, and from 3.63 t ha to 5.34 t ha™* for festulolium; whereas in
one-cut regime, the yield varied from 6.24 t ha to 8.11 t ha® for reed canary
grass, and from 3.98 t ha to 7.02 t ha™* for festulolium (Table 4).

The research showed that application of mineral fertilisers (Mm) and
wood ash (P) in a three-year period produced higher yields: 7.14 t ha* (P) and
6.98 t hal (Mm) for both grass species on average (Fig. 1). Also, digestate
fertiliser gave a significant (p<0.05) increase in dry matter yields compared to
the control (on average +1.73 t ha* for both species); however, the application
of digestate did not ensure the amount of dry matter obtained in the treatments
of ash and mineral fertiliser. This might have been caused by possible emissions
of nitrogen in the form of ammonia, taking into consideration the fact that
nitrogen in such a form was present in digestate. Digestate as well as other
fertilisers were top-dressed without incorporation in the years of sward use.
Although nitrogen emissions were not determined in our experiments, findings
of other researchers have proved that ammonium nitrogen present in digestate is
partly emitted if not incorporated into the soil.

The application of both full rate and split rate of digestate ensured similar
dry matter yields. However, significant differences in yield were found among
the species of grasses: on average in a three-year period in both mowing regimes
and in all fertilisation treatments, the sward of reed canary grass produced a
significantly (p<0.05) higher yield — 6.47 t ha™*, whereas the yield of festulolium
was notably lower — 4.46 t ha. The differences among mowing regimes cannot
be evaluated unambiguously — the yields differed by mowings, years of sward
use, grass species, and fertilisation treatments; though, overall, in three years of
sward use, higher yields were obtained in one-cut regime.

Factor analysis showed that fertiliser had the greatest effect on the dry
matter yield of grasses: fertiliser impact percentage on average for both species
was 56.6%. The second important factor was the species of grasses (27.7%). The
impact percentage of mowing regime was on average 4.1% (Fig. 2).

All digestate fertiliser rates ensured significantly (p<0.05) higher dry
matter yields compared to the control (Fig. 3). The yield of reed canary grass in
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the micro-trial with different digestate rates and application regimes in the
two-cut mowing regime on average in three years of sward use varied from
4.99 t hat in no-fertiliser (control) treatment to 8.99 t ha! in the treatment with
highest digestate rate (N150 (50+50+50)). The application of N120 (40+40+40)
(8.75tha) and N60 (8.45 t ha'l) digestate rates gave insignificantly lower yields.
Significantly higher reed canary grass yields on average in three years of sward
use were produced in one-cut regime compared to two cuts: 10.09 t ha and
7.49 t ha'l, respectively. In one-cut mowing regime, application of the highest
digestate rate N150 (50+50+50) (12.67 t ha*) gave a significantly higher dry
matter yield. The obtained data demonstrated the benefits of plant nutrient
cycling characteristic to reed canary grass, allowing to relocate plant nutrients
from aboveground biomass to roots in the stage of senescence.

2. Structure of grass yield

The quality of grass dry matter can differ significantly depending on the
structure of sward — the percentage of leaves and culms —, which can vary due to
different factors. Swards with higher percentage of culms are most preferable for
the production of biofuel. In the present research, the highest percentage
(68.9-74.9%) of culms for reed canary grass was found in the autumn cut in
one-cut regime. In the two-cut regime on average in three years of sward use, a
significantly higher culm percentage (61.0-70.2%) was determined in the first
cut; in the second cut, it fluctuated between 46.6% and 51.6% (Table 5). The
lowest culm percentage was established in control treatment in all mowing
regimes. It was significantly higher in the first mowing in mineral fertiliser (Mm)
and wood ash (P) treatments. Similar tendencies were also observed in the
autumn mowing in one-cut regime. Inflorescences (panicles/spikes) in one-cut
regime were found only in small amounts, 0.2-0.3%, as they were partially
destroyed (broken, fallen off, etc.) due to the late harvesting time.

For festulolium, culm percentage in sward was lower compared to reed
canary grass (44.0-50.5% in the first cut, 6.1-12.1% in the second cut, and
22.1-34.8% in autumn cut). There were no significant differences in culm
percentages among the treatments. Festulolium showed a considerably higher
percentage of inflorescences in the first cut (9.8-13.5%). Also for festulolium,
the late harvesting time affected the yield structure — the percentage of
inflorescences in autumn cut was notably lower compared to the first cut, ranging
between 2.3% and 4.3%; differences among fertiliser treatments were not
statistically significant. Overall, the sward of reed canary grass and one-cut
regime (for both species) gave a significantly higher culm percentage in yield
structure.

Also in the micro-trial, a considerably higher culm percentage was found
in one-cut regime — on average 63.8% compared to 56.0% in two-cut regime.
The increase in the rate of digestate application to reed canary grass increased
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the percentage of inflorescences — from 1.4% to 5.1% in the first cut, which
indicated a regularity: the higher the digestate rate, the higher the percentage of
inflorescences. This feature is especially important in seed growing sowings.

3. Chemical composition of yield

Ash content varied depending on the plant part, the grass species and the
mowing time. Compared to festulolium, the leaves of reed canary grass had a
significantly (p<0.05) lower ash content, which is a positive characteristic for
fuel: 7.7% and 8.5% in the first cut, and 6.3% and 7.2% in autumn cut,
respectively for reed canary grass and festulolium. Both the reed canary grass
and festulolium culms had a significantly lower ash content compared to leaves,
and it varied from 5.8% in the first cut, to 3.5-4.3% in autumn cut. The time of
mowing had a decisive effect on ash content: both reed canary grass and
festulolium had a significantly lower ash content in autumn cut — on average
5.4%; whereas in the first and second cut, it was 6.5% and 8.4%, respectively.
This can be due to translocation of plant nutrients from aboveground biomass
parts to roots at the stage of plant senescence as well as possible leaching of
mineral compounds from the biomass together with precipitation. Summarising
the data for both species, it was found that ash content in the first and autumn cut
made respectively 8.1% and 6.7% in leaves, and 5.8% and 3.9% in culms. The
obtained data suggest that mowing at the stage of plant senescence, when culms
percentage in sward is higher, allows obtaining a qualitative source material for
the production of fuel. At that stage, ash content in culms was notably lower —
around 5%. Ash contents in the inflorescences of reed canary grass and
festulolium were almost equal — on average 5.3% and 5.4%. Evaluation of the
importance of fertiliser revealed that the lowest ash content for reed canary grass
was found in the most productive swards in mineral fertiliser (Mm) and ash (P)
treatments; whereas for festulolium, no significant differences among treatments
were found. Ash content in reed canary grass was significantly lower than in
festulolium: 6.54% and 7.06%, respectively (Table 6).

Carbon (C) is the main combustible element in the fuel. Depending on
plant part, grass species, mowing time, and applied fertiliser, the amount of
carbon ranged on average between 454 and 539 g kg* C. Application of mineral
fertilisers (Mm) produced a significantly (p<0.05) higher carbon content
(Table 6). The part of the plant had major importance — culms produced
noticeably more carbon. Depending on the time of mowing, a higher carbon
content was found in autumn cut: on average 505.9 g kg C. In the sward of first
and second cut, carbon contents were almost equal: 475.1 and 477.1 g kg™ C,
respectively. A considerably higher carbon content was established for reed
canary grass — on average 488.0 g kg in all cuts (on average 514.2 g kg in
autumn cut, and 471.7 g kg and 478.1 g kg* in the first and second cut,
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respectively); whereas for festulolium, it was on average 484.1 g kg (from
476.2 g kg in the second cut to 497.6 g kgt in autumn cut) (Table 6).

Nitrogen (N) is not recommended in the dry matter of grasses considered
for fuel production, as it is emitted in the combustion process. Depending on
grass species and fertiliser, the average nitrogen amount varied from
11.11 g kg to 20.73 g kgt in the first cut, from 11.04 g kg to 14.26 g kgt in the
second cut, and from 6.53 g kg to 11.45 g kg in autumn cut. A significantly
(p<0.05) higher nitrogen content was found in the ash (P) and mineral fertiliser
(Mm) treatments: on average 13.10 g kg™ N and 12.65 g kg N, respectively in
both mowing regimes (Table 6). Significant differences in the content of nitrogen
were found also between the species: reed canary grass contained less nitrogen —
on average 10.91 g kg* N (12.88 g kg™ N in the first cut, 12.82 g kg™ N in the
second cut, and 7.03 g kg* N in autumn cut); for festulolium, the average
nitrogen content was 12.74 g kg N (from 10.46 g kg N in autumn cut, to
16.25 g kg N in the first cut). Culms contained on average 2.5 times less
nitrogen than leaves.

Phosphorus (P) content in grass dry matter was comparatively low and
varied on average from 0.5 g kg*to 2.5 g kg P. A higher amount of phosphorus
was found in leaves; moreover, it was considerably higher in the leaves of first
cut (1.97-2.66 g kg P) compared to autumn cut, where it ranged between
1.68 and 2.11 g kgt P. The lowest phosphorus content was found in the culms of
festulolium in autumn cut (0.48-0.79 g kg P), whereas in the culms of reed
canary grass it was higher (2-3 times) and varied from 1.12 to 2.20 g kg P.
Overall, no significant differences in the content of phosphorus were found in
the grass yield of first and second cut, but it was considerably lower in autumn
cut. It can be concluded that the dry matter yield of reed canary grass had a
significantly higher phosphorus content in all mowing regimes.

Potassium (K) decreases ash melting temperature, which is evaluated as
a negative process; therefore, for the production of biofuel, grass dry matter with
as low potassium content as possible should be obtained. A significantly (p<0.05)
lower (on average 2—4 times compared to first cut) potassium content was found
in autumn cut. Comparison of grass species revealed that a lower potassium
content in all cuts both in culms and leaves was in reed canary grass; moreover,
it was almost equivalent in leaves and culms. In contrast, for festulolium in all
cuts, a considerably higher (on average 22.1 g kg K) potassium content was
found in leaves, compared to culms (13.65 g kg™ K). Although results varied by
mowings, in general, grass dry matter with the lowest potassium content was
obtained in the control variant. A higher potassium content was observed in the
sward with digestate application, which can be explained with the higher
potassium availability in digestate. A lower potassium content was found in the
dry matter of reed canary grass of all cuts, compared to festulolium: on average
14.05 g kg K and 17.53 g kg K, respectively (Table 6). Similar trends — a
higher potassium content due to fertiliser application compared to
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no-fertilisation, as well as due to higher potassium fertiliser rates — have been
reported also by other researchers.

It can be concluded that the chemical composition of grass dry matter was
influenced by several factors. Ash content was greatly dependent on plant part
(49.2%) and mowing regime (34.2%). The impact of grass species on ash content
was estimated at 6.1%, and that of fertiliser — at 3.3% (Fig. 4). Also, the content
of carbon and nitrogen was mostly dependent on sward fraction or plant part
(43.9% and 54.9%, respectively) and mowing regime (26.3% and 27.9%,
respectively). Carbon content was influenced by grass species at 10.3%, whereas
nitrogen content was influenced by fertiliser treatment at 9.6%.

Different digestate rates did not significantly influence the chemical
composition of reed canary grass — the average ash content in dry matter in
one-cut and two-cut regime varied from 6.2% to 6.9% by fertiliser treatments.
Similarly, no significant differences between treatments were found regarding
the content of carbon, nitrogen, and potassium.

4. Plant nutrient removal by yield

Plant nutrient (NPK) removal or the amount of plant nutrients that was
removed from the field together with the harvest during the whole research
period largely varied by years and was closely related to the obtained dry matter
yield and its chemical content. Therefore, factors affecting these values were also
reflected in the quantity of removal. The researched grass species and mowing
regime had the greatest effect on plant nutrient removal.

Nitrogen (N) removal on average per year in a two-cut regime for reed
canary grass varied from 54.0 kg ha* N without fertiliser to 142.9 kg ha* N with
full rate of fertiliser (Table 7). In one-cut regime, nitrogen removal was two times
lower and varied from 39.0 kg ha* N without fertiliser to 69.1 kg ha* N with
fertiliser application.

For festulolium in both mowing regimes, nitrogen removal was
considerably lower compared to reed canary grass, which was mainly due to the
low dry matter yield of festulolium in this trial. In the two-cut regime, nitrogen
removal on average per year varied from 23.2 kg ha* N without fertiliser, to
73.3 kg ha* N applying ash fertiliser. In contrast to reed canary grass, nitrogen
removals in festulolium in both mowing regimes were very similar: in one-cut
regime nitrogen removal varied from 22.1 kg ha' N without fertiliser to
78.7 kg hal with fertiliser application. The obtained data demonstrate significant
differences in nitrogen uptake and utilisation between both grass species.

Phosphorus (P20s) removal, compared to nitrogen removal, was notably
lower. For reed canary grass in two-cut regime, it varied on average from
24.2 kg ha P,Os in the control to 48.0 kg ha* P,Os in ash treatment. Phosphorus
removal in one-cut regime for reed canary grass was almost two times lower than
in two-cut regime; whereas among fertiliser treatments in one-cut regime,
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variations in phosphorus removal were not so pronounced: from
22.2 kg hal P,Os without fertiliser to 26.5 kg ha* P,Os with ash application.
Phosphorus removal with festulolium yield was on average two times lower than
with reed canary grass yield , and in two-cut regime it varied from
9.4 kg ha! P,Os without fertiliser to 19.8 kg ha P,Os with ash application.
Phosphorus removal in one-cut regime for festulolium was on average 50%
lower than in two-cut regime, and it varied from 6.0 kg ha* P,Os in the control
to 12.9 kg ha P,Os in mineral fertiliser treatment.

Potassium (K20) removal was the highest and exceeded the nitrogen (N)
removal approximately 1.5-2 times. On average by mowings, it made 191%,
154%, and 151% from nitrogen removal in the first, second, and autumn cut,
respectively. Significant differences in potassium removal were found both
among mowing regimes and grass species: the greatest potassium amounts per
year (207.3 kg ha* K;0) in reed canary grass were removed in two-cut regime
with application of mineral fertilisers, whereas in one-cut regime, the highest
potassium removal (75.1 kg ha! K,0) was established in ash application (P). For
festulolium, the highest potassium removal was determined in both mowing
regimes with ash (P) application: 115 and 134.6 kg ha' KO in two-cut and
one-cut mowing regime, respectively (Table 7). Application of ash and mineral
fertilisers resulted in a significantly (p<0.05) higher potassium removal,
compared to those in both digestate treatments, where potassium removal ranged
between 152.0 and 170.5 kg ha* K;O. In general, in reed canary grass in one-cut
regime and in all fertiliser treatments, even 2-3 times less potassium amounts
were removed with harvest, compared to two-cut mowing. In contrast to reed
canary grass, potassium removals in festulolium did not differ significantly by
mowing regimes.

Plant nutrient removal depending on application of different
digestate rates varied in a broad range. Nitrogen removal per year in one-cut
regime ranged on average between 69.56 and 103.7 kg ha* N, and in two-cut
regime — between 81.19 and 158.21 kg ha* N (Fig. 5).

The lowest nitrogen removal in both mowing regimes was determined in
no-fertiliser treatment, whereas the highest nitrogen removal was found when
digestate fertilisers N60 and N120 (40+40+40) were used in one-cut and two-cut
regimes, respectively. Phosphorus (P20s) removal in three years of sward use in
two-cut regime was on average 26.46-51.81 kg ha' P,Os per year, and in
one-cut regime — 26.32-43.47 kg ha'! P,Os per year. Compared to the removal of
nitrogen and potassium, there were no significant differences in phosphorus
removal by mowing regimes. The highest phosphorus removal in one-cut regime
was observed in digestate N150 (50+50+50) and N60 treatments: 43.47 kg ha*
P.Os and 42.54 kg ha* P,Os per year, respectively; whereas in two-cut regime,
the largest phosphorus amount was removed when digestate N120 (40+40+40),
N90 (30+30+30), and N150 (50+50+50) was applied: 51.81 kg ha' P,Os,
46.67 kg hal P,Os, and 46.28 kg ha P,Os per year, respectively. Depending on
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the applied digestate rate, potassium (K.O) removal ranged between 122.74 and
246.02 kg ha! KO per year. In one-cut regime, potassium removal was similar
to nitrogen removal and ranged between 69.74 and 105.84 kg ha! KO per year.
Similarly to nitrogen removal, the lowest amounts of potassium removal in both
mowing regimes were found in no-fertiliser treatment, but the highest amounts
were found in two-cut regime in digestate N60 (217.95 kg ha? K;O) and
N120 (40+40+40) (246.02 kg ha' K,0) treatments, and in one-cut regime in
digestate N60 (105.84 kg ha' K,O) treatment. On average in all fertiliser
treatments in three years of sward use, the amount of potassium removal in
one-cut regime was approximately two times smaller than in two-cut regime:
92.54 and 202.32 kg ha* K,0 per year.

Plant nutrient balance. The balance of plant nutrients NPK was
calculated as the difference between nutrient — nitrogen (N), phosphorus (P20s),
and potassium (K20) — input to the field with fertilisers and that nutrient output
which was removed with the harvest. Calculations were made for the whole
period of experiment — starting from the establishment of grass sward until the
last harvesting at the end of third-year use. If there was a plant nutrient surplus
in the experimental period, i.e., input exceeded the output, the balance was
positive (in percent — >100%), and vice versa — if output exceeded the input, the
balance was negative (<100%). Evaluation of NPK balance in three years of
sward use suggested that it was positive in one-cut regime in all fertilisation
treatments — the input of plant NPK nutrients was greater than the output with
dry matter yield. NPK balance in two-cut regime was lower, and in some
fertiliser treatments — even negative.

Nitrogen balance was positive almost in all fertiliser treatments. The
total amount of nitrogen used during the period of experiment was
350 kg ha® N. In one-cut regime, nitrogen balance varied pronouncedly
depending on the fertiliser applied: for reed canary grass — from 131 kg ha* N or
160% with mineral fertiliser application, to 244 kg ha* N or 330% with split rate
of digestate application (D2); for festulolium — from 95 kg ha* N or 137% with
mineral fertiliser application, to 237 kg ha® N or 312% with split rate
of digestate (D2) (Fig. 6).

Differences in nitrogen balance were mostly dependent on grass dry
matter yield. Overall, nitrogen balance in two-cut regime was lower and notably
more nitrogen was removed with dry matter yield; therefore, the amount of
nitrogen output was approximately the same as nitrogen input. In some fertiliser
treatments, even a negative nitrogen balance was determined: for reed canary
grass — from -55 kg ha* N or 86% with ash application (P), to 121 kg ha* N or
153% with split application of digestate (D2). Whereas for festulolium, nitrogen
balance was positive — from 78 kg ha* N or 129% with ash application (P), to
206 kg ha* N or 244% with split application of digestate (D2). Comparison of
nitrogen balance between species showed that larger amounts of nitrogen were
used by reed canary grass as its dry matter yield was considerably higher. The
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obtained data revealed that nitrogen balance for reed canary grass in two-cut
regime was significantly lower than in one-cut regime, and in that case, nitrogen
amount in reed canary grass at harvesting was of primary importance. This was
possibly influenced by the ability of reed canary grass to translocate nitrogen
from aboveground biomass to roots at the stage of senescence. Nitrogen balances
for festulolium in both mowing regimes were not significantly different.

Phosphorus balance. During the experiment, the total amount of
phosphorus applied was 280 kg ha* P,Os. Phosphorous balance in fertiliser
treatments varied depending on grass species and mowing regime. Although
differences were not significant, certain trends could be observed. In one-cut
regime for reed canary grass, phosphorus balance varied from 200 kg ha! P,Os
or 351% with mineral fertiliser application, to 225 kg ha* P,Os or 511% with
split application of digestate (D2). For festulolium, phosphorus balance varied
from 238 kg ha?! P,Os or 668% with mineral fertiliser application, to
252 kg ha* P,0s or 998% with full rate of digestate application (D1) (Fig. 7).
Phosphorus balance was lower in two-cut regime and varied for reed canary grass
— from 143 kg ha' P,Os or 205% with mineral fertiliser application, to
178 kg ha' P,Os or 276% with split application of digestate (D2), and for
festulolium — from 206 kg ha* P,Os or 382% with mineral fertiliser application,
to 224 kg ha* P,Os or 503% with split application of digestate (D2).

Also, regarding phosphorus balance, a similar conclusion can be made —
although much lower amounts of phosphorus were removed, the formation of
phosphorus balances by mowing regimes differed considerably.

Potassium balances. The total amount of potassium used as a fertiliser in
the experiment over the three-year period of sward use was 560 kg ha! K;O.
Potassium balances in one-cut regime in fertiliser treatments for reed canary
grass were similar and varied from 336 kg ha? K;O or 250% with mineral
fertiliser treatment, to 377 kg hal K,O or 307% with full rate of digestate
application (D1) (Fig. 8). For festulolium, potassium balances varied
pronouncedly by fertiliser treatments: from 136 kg ha™ K,O or 132% with ash
application, to 399 kg ha* KO or 348% with split rate of digestate application
(D2). In two-cut regime, potassium balance was considerably lower and even
negative in some variants: for reed canary grass in fertilised plots, it varied
from -39 kg ha* K,0 or 93% with mineral fertiliser treatment, to 131 kg ha* K,0
or 131% with split rate of digestate application (D2); for festulolium — from
136 kg ha't K20 or 132% with ash application, to 245 kg ha* K,O or 178% with
split rate of digestate application (D2). Evaluation of potassium balance indicated
the importance of mowing regime in plant nutrient turnover — in a three-year
period, potassium balances at equal NPK fertiliser rates and similar reed canary
grass yields differed several times, even up to 375 kg ha.

The obtained data revealed that the amount of nutrients (NPK) removed
from the field with grass yield during the period of experiment in two-cut regime
was notably greater than in one-cut regime. Pronounced differences were
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determined for reed canary grass — in two-cut regime, nutrient NPK balance was
approximately half as low as in one-cut regime. This was influenced by
differences in the chemical composition of grass dry matter: for reed canary grass
in autumn cut, NPK content was substantially lower than in two-cut regime, but
for festulolium, the contents of NPK in different mowings varied considerably
less; moreover, the yield of festulolium in one-cut regime was higher, which, to
a certain extent, equalled the NPK balance in both mowing regimes. The negative
NPK balance in the control variant illustrates the plant nutrient amount available
in soil for grasses. The high positive phosphorus balance indicators in the
fertilised plots allow concluding that lower phosphorus fertiliser rates should be
applied to soils with medium and high phosphorus content, especially when
applying split rate of digestate (D2).

5. Nitrogen use efficiency

Different assumptions can be used to evaluate the agronomic efficiency
of the use of applied nitrogen, which can result in different reference values
characterising the efficiency. For these purposes, they can be called efficiency
indicators. One of efficiency indices for grasses can be grass yield (kg) calculated
as the amount of dry matter per one kg nitrogen applied (yield indicator — Ng).
The second indice can be yield increase due to the use of fertilisers, calculated as
the amount of dry matter (kg) per one kg of nitrogen applied (yield increase
indicator — Ngrp). Both indicators are relative, because the whole yield amount or
yield increase is calculated against nitrogen only, excluding the influence of
phosphorus and potassium.

Yield indicator (NRr). A higher yield indicator (Nr) for both grass species
was in one-cut regime — on average 63.9, compared to 56.6 in two-cut regime.
On average in three years of sward use in one-cut regime, Nr indicator varied:
for reed canary grass — from 62.4 applying full rate of digestate (D1), to 81.1
applying mineral fertilisers; for festulolium — from 39.8 applying split rate of
digestate (D2), to 70.2 applying ash fertiliser. On average for the three-year
period, in two-cut regime Ng indicator was lower: for reed canary grass — from
56.4 applying split rate of digestate (D2), to 81.4 applying ash fertiliser; for
festulolium — from 36.3 applying full rate of digestate (D1), to 53.4 applying ash
fertiliser. On average in three years of sward use, a significantly higher Nr
indicator was determined for reed canary grass both in two-cut and one-cut
regimes: on average 68.5 and 72.2, respectively; whereas for festulolium, Ng
indicator was notably lower: on average 44.6 and 55.6 in two-cut and one-cut
regimes, respectively. Comparison of differences among fertilised treatments
showed that the highest Nr indicator for both species in both mowing regimes
was established when ash was used: on average 81.1 for reed canary grass and
61.8 for festulolium. Only slightly lower Ng indicators were obtained in mineral
fertiliser treatments: 80.1 and 59.6, respectively. In several experiments with
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cereals, it has been found that a similarly calculated N indicator varied around
40-70 (kg grain per kg N). Nitrogen use efficiency for grasses was comparatively
higher, because the whole aboveground biomass amount was taken into
consideration, while similar calculations for cereals take into account only the
yield of grain.

Yield increase indicator (Nre) better reflects the influence of fertiliser
use on crop yield obtained, because soil fertility factor is excluded from the total
plant nutrient supply. Using increasing fertiliser rates, this indicator allows
studying the crop productivity curve, i.e., better understand the yield’s increase
within a certain fertiliser rate interval. Thus, Nge indicator shows the efficiency
with which plants use each additionally applied fertiliser unit. Ngp varied: for
reed canary grass — from 16.4 (D1) to 35.1 (Mm) in one-cut regime, and from
17.7 (D2) to 42.7 (P) in two-cut regime; for festulolium — from 15.5 (D2) to
45.9 (P) and from 15.4 (D1) to 32.5 (P), respectively. A higher Ngp for reed
canary grass was found in two-cut regime — 29.8 and 26.2, respectively; whereas
for festulolium, a higher Nge was in one-cut regime — 31.3 and 23.7, respectively
(Fig. 9). On average for both grass species, a higher Ngp Was determined in
one-cut regime: 28.7 and 26.7, respectively. Ngrp indicator increased by years of
sward use — from 24.8 to 33.4 in the first and third year, respectively. No
significant differences were found between both grass species in both mowing
regimes: on average Ngp for reed canary grass was 28.0, and for festulolium —
27.5. Summarizing the findings, a conclusion can be drawn that Ngp indicators
for grasses were high compared to cereals. Ngp for cereals ranges between 10 and
30, and indicator >30 is considered as very high, which is usually obtained either
in efficiently managed systems or at low nitrogen rates, or at low soil nitrogen
supply. Nrp indicator can be increased by optimizing the application of nitrogen
fertilisation, the selection of crops, and soil management practices.

In the micro-trial, a higher yield increase indicator (Nre) was determined
in one-cut mowing: on average 64.7 in all fertiliser treatments; for comparison —
38.3 in two-cut regime. Nge indicator in one-cut regime by fertiliser treatments
varied from 39 applying nitrogen rate N120 (40+40+40), to 106 applying
nitrogen rate N30 (Fig. 10). Nre indicator had negative correlation with nitrogen
rate: -0.35 and -0.39 in one cut and two cut regime, respectively. Also other
researchers have observed a tendency that the efficiency of nitrogen fertiliser
calculated in such a way usually decreases with the increase of fertiliser rate.

Plant nutrient (NPK) recovery from applied fertiliser. The so called
“difference method” was used for calculations, assuming that grasses equally use
soil plant nutrients in no-fertiliser (control) treatment and in treatments applying
those nutrients. Therefore, the plant nutrient removed from the non-fertilised plot
was subtracted from the same nutrient removed from the fertilised plot, and the
remainder was divided by the amount of applied plant nutrient. The obtained
value is usually called plant nutrient apparent recovery (Fig. 11).
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Using such calculation method, apparent recovery of nitrogen use (Nz)
closely correlated with nitrogen removal — considerably lower it was in one-cut
regime, since nitrogen content in grass (especially reed canary grass) dry matter
had markedly decreased at the time of mowing. The coefficients of nitrogen
recovery for reed canary grass in three years of sward use by mowing regimes
differed approximately by half: 23.4 and 49.5 in one-cut and two-cut regime,
respectively. Festulolium does not possess a high ability to translocate plant
nutrients from aboveground biomass to roots at the stage of senescence;
therefore, differences by mowing regimes were less pronounced: on average in
three years, N was 38.4 and 43.6 in one-cut and two-cut regime, respectively.

Calculating the coefficients of apparent recovery of potassium and
phosphorus in a similar way, it was found that apparent recovery of potassium
use (Ky) for reed canary grass in two-cut regime was three times higher than in
one-cut regime — 91.3 and 28.7, respectively; whereas for festulolium, the
differences were insignificant — 55.9 and 60.7 in two-cut and one-cut regime,
respectively. The coefficient of apparent recovery of phosphorus use (Px) for
reed canary grass in two-cut regime was four times higher than in one-cut regime
—16.6 and 4.0, respectively; for festulolium, Py was on average 11.0 and 5.2 in
two-cut and one-cut mowing regime, respectively.

6. Fertilisation effect on soils’ agrochemical properties

Soil analyses were performed before setting up the trials and repeatedly
after four years to assess the possible changes in soil agrichemical properties due
to fertiliser application and the management of grasses. Obtained results showed
insignificant (p<0.05) changes in some soil parameters, including
soil pH (pH KCI), by fertiliser treatments. Although different kinds of fertilisers
were applied, the soil pH practically did not change in the four-year research
period. The obtained results do not support the assumption that regular use of
digestate application can significantly change the soil pH level. Probably, such
processes take place very gradually, but in our trials in the four-year period, no
statistically significant changes were established. Similar results have been
obtained also in other researches, proving that digestate application practically
does not affect the soil pH. A comparatively higher soil pH level was found in
wood ash treatment, which reveals the effect of ash on soil acidity neutralization;
however, also in this case, differences mostly were not significant. This might
have been caused by using ash together with mineral fertilisers to compensate
the missing nutrients, mainly N. Wood ash neutralised soil acidification due to
mineral fertiliser application.

A higher content of organic matter was found in digestate treatment,
which suggests the positive effect of organic fertiliser use on the increase of soil
organic carbon supply. Compared to the control, a higher plant-available
phosphorus content was determined in fertilised plots; it was substantially higher
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(p<0.05) when ash was applied. The analyses for potassium content revealed that
it had increased (on average +27.15 mg kg K;0) in all fertilised plots, resulting
in a significant increase of potassium content in soil. The best results were
obtained due to digestate application, which had positively affected the increase
in soil potassium pool. Consequently, the lowest phosphorus and potassium
contents were found in treatments without fertiliser use. The obtained results
demonstrate that soil has high buffering capacity; therefore, changes in
agrochemical properties were insignificant in the four years of the experiments.

The effect of digestate fertiliser on soil parameters revealed positive
changes in the content of plant nutrients: the higher the digestate rate applied, the
higher the plant available phosphorus and potassium amounts in the soil
(Fig. 12).

A close correlation was established between the applied digestate rate
and: organic matter content (r=0.93), soil reaction pH KCI (r=0.64), phosphorus
content (r=0.92), and potassium content (with the closest correlation — r=0.99).
The increase in the majority of parameters was not significant (p<0.05); however,
the positive trends reveal that regular use of digestate in grass fertilisation can
improve soil agrochemical properties in the long term. Digestate application over
the four years resulted in a notable increase of plant available potassium (K20)
content in soil practically in all digestate treatments. Compared to the control and
the lowest digestate rate (N30) treatments, a significant phosphorus (P20s)
content increase in soil was determined applying the highest digestate rate —
N150 (50+50+50). In other fertilised plots, the established differences were not
statistically significant, though plant available phosphorus content had increased
due to fertiliser application. Positive trends were observed also in soil reaction —
higher digestate rates increased the soil pH level, which suggests that the use of
digestate in an intensive grass growing system excludes soil acidification due to
fertilisation, but higher digestate rates can promote gradual increase in soil pH
level.

7. Economics of fertiliser use

In the agronomic and ecological assessment of the growing of energy
grasses, the economic aspect is also very important, which, to a great extent,
determines the use of certain agrotechnical measures in the long term. The costs
of the use of different soil amendments, including mineral fertilisers, wood ash,
and digestate, were compared taking into account that equivalent amounts of
main plant nutrients (NPK) were used in all fertilised plots. Also, grass
fertilisation costs were compared using different digestate rates.

The following expenditures were taken into account for calculating
fertiliser use costs:

1) fertiliser purchase costs;
2) costs for fertiliser transportation from the purchase place to the field;
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3) fertiliser application costs.

Fertiliser purchase costs. Ash in boiler houses usually can be obtained
for free, as it mostly should be deposited as waste, which makes additional costs.
According to the data of LVMI® “Silava”, ash deposition costs make
approximately 39.50 EUR per ton; therefore, boiler house managers willingly
cooperate with farmers and foresters by covering ash loading costs. Usually, also
transportation costs from boiler houses to the farm are partially or fully covered;
however, it was not taken into account in our calculations. Also digestate
purchase costs were not taken into account as digestate is continuously
accumulated in biogas plants and it is necessary to regularly empty the storage
lagoons. Purchase costs of mineral fertilisers — ammonium nitrate (34.4% N),
single superphosphate (19% P,0s), and potassium chloride (60% K,0) — were
calculated according to average mineral fertiliser prices in the year 2020;
purchase costs of one kg of plant nutrients were: N=0.844 EUR kg™
P,0s=1.684 EUR kg'; and K,0=0.267 EUR kg™

Transportation costs were calculated basing on the survey of average
prices for technical services in Latvia in the last five years (2016-2020). The
costs were calculated assuming that transportation distance was 20 km.

Calculations of fertiliser application costs were made based on the
average prices of technical support services in the last five-year period. For ash,
calculations were made assuming that granulated wood ash was used, as in the
technological process of many boiler houses the ash from the furnace is
immediately mixed with water, thus obtaining granulated ash. They are friable
enough to be applied with a mineral fertiliser spreader. Transportation and
fertiliser application made the largest share of total costs for the use of plant
nutrients present in wood ash and digestate. The choice of an appropriate kind is
of great importance for commercial fertilisers, since, in this case, the price of a
fertiliser makes the largest share of total costs. According to mineral fertiliser
prices in 2020, the costs of using one kg of plant nutrients for grass fertilisation
(including transportation and application) were: 1.021 EUR kg* N (ammonium
nitrate), 1.861 EUR kg P,Os (superphosphate), and 0.443 EUR kg! KO
(potassium chloride).

Comparison of the costs of using different fertilisers with equal amounts
of main plant nutrients (NPK) revealed that the highest costs were in mineral
fertiliser treatment: 163.48 EUR ha* in the seeding year and 314.48 EUR ha in
the years of sward use. Comparatively lower costs were in ash treatment:
138.08 EUR ha in the seeding year and 260.75 EUR ha™* in the years of sward
use. The costs for using digestate per area unit were the lowest: 63.59 EUR ha™*
in the seeding year and 192.53-235.31 EUR ha? in the years of sward use.
Compared to mineral fertilisers, the use of wood ash allowed to save
25.40 EUR hal in the seeding year and 54.15 EUR ha* in the years of sward use,
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whereas digestate use allowed to save 99.89 EUR ha! in the seeding year and
79.59-122.37 EUR hal in the years of sward use. Figure 13 graphically
illustrates the costs of fertiliser use, assuming that mineral fertiliser use costs are
the baseline or zero line.

Calculations of fertiliser costs per ton of reed canary grass dry matter
showed that on average in a three-year period in two-cut regime, they varied from
32.28 EUR t*applying wood ash, to 40.94 EUR t* with full rate of digestate
application (D1); in a two-cut regime, the costs were very similar and varied from
33.17 EUR t applying ash, to 39.44 EUR t* with mineral fertiliser application.

Fertilisation costs per ton of festulolium yield were higher — on average
in a three-year period in two-cut regime, they varied from 52.36 EUR t* with ash
application, to 68.48 EUR t* applying full rate of digestate (D1); in a two-cut
regime they were notably lower than for reed canary grass and varied from
37.92 EUR t! with ash application, to 56.65 EUR t* applying full rate of
digestate (D1). It can be concluded that lower fertilisation costs were in one-cut
regime. Reed canary grass fertilisation costs per ton of yield in two-cut regime
were on average 40% lower than for festulolium; whereas in one-cut regime, they
were on average 10-40% lower than for festulolium.

Economic justification of digestate use. Costs of digestate use for reed
canary grass depending on the rate and digestate composition varied by years:
from 35.29 EUR ha to 176.43 EUR ha in the first year of sward use, from
28.23 EUR ha to 141.10 EUR ha' in the second year of sward use, and from
39.52 EUR ha'to 197.60 EUR ha' in the third year of sward use (Fig. 14). In
the year of reed canary grass seeding, when equal digestate rates were applied in
all fertiliser treatments (40 kg ha' N), fertilisation costs were 63.33 EUR ha.
The lower the digestate rate, the proportionally lower fertiliser application costs
per hectare, and vice versa, because the main costs in digestate use were made
by transportation and application.

The assessment of fertilisation costs per ton of reed canary grass dry
matter showed that comparably lower costs were in one-cut regime: from
3.73 EUR t1 in the treatment with lowest digestate rate, N30, to 13.74 EUR t*!
applying the highest digestate rate, N150 (50+50+50); whereas in two-cut
regime, the costs varied from 5.61 EUR t* applying the lowest digestate rate,
N30, to 19.52 EUR t* applying the highest digestate rate, N150 (50+50+50). On
average in one-cut regime, fertilisation costs per ton dry matter yield were around
40% (varying from 30% to 60% depending on fertiliser treatment) lower than in
two-cut regime.

Accordingly, a conclusion can be drawn that the use of bioenergy
production by-products in the fertilisation of grasses reduces the costs of
fertilisation per hectare. The more concentrated the fertiliser with a higher plant
nutrient content, the lower the fertilisation costs, because the greatest share of
costs for the use of by-products (especially digestate) was made by their
application costs. Fertilisation costs per ton of grass dry matter were closely
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connected with obtained dry matter yield. The lowest fertilisation costs were in
wood ash application which gave the highest dry matter yields of grasses. In
digestate treatments, comparatively lower yields were obtained; therefore, also
fertilisation costs per ton of grass dry matter were higher. However, it should be
taken into account that digestate as an organic fertiliser exerts positive effect on
soil properties especially as a source of organic carbon. By using modern
digestate application technologies, which can incorporate the fertiliser into the
soil it is possible at least partially to reduce the plant nutrient losses and increase
the fertiliser use efficiency, thus raising the yield level of grasses. This leads to a
conclusion that the use of digestate and wood ash in grasses fertilisation is
prospective also from the economic point of view.

CONCLUSIONS

1. Wood ash fertilisation showed practically equal effect on dry matter yield of
grasses if compared with the use of mineral fertilisers; on average, it was
8.11 t ha' (ash) and 8.01 t ha! (mineral fertilisers) for reed canary grass, and
6.18 t hal and 5.96 t ha'l, respectively, for festulolium.

2. The use of digestate provided a significant dry matter yield increase in grasses
(on average for both cutting regimes) — 42% for reed canary grass, and 75%
for festulolium compared to the non-fertilised plot; however, it was lower
than the yield level obtained by the use of mineral fertilisers. The methods of
digestate application did not show significant differences, which suggests that
the main effect was exerted by application rate.

3. Higher rates of digestate provided higher dry matter yields of reed canary
grass — on average, from 6.53 to 8.99 t ha'! if two-cut regime was used, and
from 9.25 to 12.67 t ha! if only one-cut regime was employed. The most
effective application rate for two-cut regime was N60. For one-cut regime,
the dry matter yield of reed canary grass increased proportionally to the
fertiliser application rate and the increment of 30 kg ha* N given with the
digestate provided on average an additional one ton per hectare of dry matter.

4. On average, one-cut regime provided a significantly higher dry matter yield
level in all treatments for both grasses — 5.81 t ha™* compared to two-cut
regime (5.12 t hal). In the trial where different rates of digestate were used,
the yield level was 10.09 and 7.49 t ha'?, respectively. Reed canary grass was
more productive and provided a 6.47 t ha™* dry matter yield on average for
both cutting regimes compared to 4.46 t ha'* for festulolium.

5. The yield structure depended mainly on: a) species of grass; b) cutting
regime; c) time of harvesting; d) kind of fertiliser. The highest proportion of
culms was: a) in reed canary grass swards; b) in one-cut regime; c) in the first
cut compared to the second one; d) applying mineral fertilisers or wood ash.

6. Chemical composition of grasses significantly depended on: a) grass species
—a lower ash content was for reed canary grass — 6.5% compared to 7.1% for
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festulolium; b) time of harvesting — a lower ash and nitrogen content but a
higher carbon content was for the autumn cut; ¢) part of grass — a lower ash
and nitrogen content but a higher carbon content was in culms. A linear and
significant decrease of potassium content in dry matter yield was observed
depending on the harvesting time: 26.21 g kg?! K in the first cut,
15.32 g kg K in the second cut, and 7.64 g kg'* K in the late autumn cut.

. Plant nutrient removal by yield depended on: a) grass species; b) harvesting
regime; ¢) kind of fertiliser. Higher NPK removals were: a) with reed canary
grass; b) when two cuts were done; ¢) using mineral fertilisers or wood ash.
Potassium was the most removed nutrient with the grass yield; moreover,
using two-cut regime, potassium removal was twice higher
(202.32 kg ha K;0) than in one-cut regime (92.54 kg ha K;0). Similar
tendencies were observed also for nitrogen and phosphorus, confirming a
conclusion regarding the ability of reed canary grass to transfer nutrients from
aboveground biomass to roots in the stage of senescence.

. Nitrogen use efficiency for both grass species was significantly higher when
wood ash was applied and one-cut regime was used. The use of increasing
application rates of digestate negatively correlated with NIE: -0.44 and -0.48
for one-cut and two-cut regimes, respectively.

. The three-year use of digestate and wood ash significantly reduced the costs
for grass fertilisation: from 1108.18 EUR ha'* applying mineral fertilisers, to
920.33 EUR ha! using wood ash or to 718.98 EUR ha! using digestate. The
lowest fertilisation costs on a unit of obtained dry matter yield were in wood
ash application: for reed canary grass — 32.28 EUR t* (two-cut regime) and
33.17 EUR t* (one-cut regime); for festulolium — 52.36 EUR t! and
37.92 EUR t%, respectively. There was a strong correlation between the costs
of one fertilisation unit and the obtained dry matter yield, using bioenergy
by-products as fertilisers.

RECOMMENDATIONS

. Harvesting of grasses for fuel production is recommended only once per
season — in late autumn — to obtain a greater dry matter yield with a higher
biomass quality (as a fuel) and to promote a better plant nutrient reuse,
especially for rhizomatous grasses, taking into account their ability to transfer
plant nutrients from aboveground biomass to roots in the stage of senescence.
In the process of fertiliser planning for rhizomatous grasses, it is important to
consider the planned grass harvesting regime. Very late harvesting will
stimulate plant nutrient translocations from the aboveground biomass to the
roots; therefore, it is possible to reduce NPK application rates up to 50% if
reed canary grass is cut only once per season.

. For reduction of nitrogen emissions, the incorporation of digestate into the
soil is important. This will increase the effectiveness of fertiliser use as well
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as prevent environmental pollution. It is not reasonable to split the moderate
digestate application rates because the late application cannot compensate the
missing nutrients in spring.

4. It is reasonable to combine the application of wood ash with the use of
mineral fertilisers, thus providing grasses with the necessary nitrogen
amounts. In such a way it is possible to substantially reduce the fertilisation
costs and to stimulate the reuse of plant nutrients.
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