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B.3. Darbibas un to ieguldijums L AP mérka virzienos

Zinasanu parnese un inovaciju veicinasana lauksaimnieciba, mezsaimnieciba un lauku apvidos
[1]

Lauku saimniecibu dzivotspejas un visu lauksaimniecibas veidu konkuretspeéjas uzlabosana visos
regionos un inovativas saimniecibu tehnologijas un ilgtspéjigu meza apsaimniekosanu
veicinasana, ipasi uzlabojot visu lauku saimniecibu ekonomiskos raditajus un veicinot lauku
saimniecibu parstrukturésanu un modernizésanu, jo ipasi, lai pastiprinatu dalibu tirga un virzibu
uz tirgu, ka ari lai veicinatu lauksaimnieciskas darbibas dazadosanu [2A]

Ar lauksaimniecibu un meZsaimniecibu saistitas ekosistemas atjaunosana, saglabasana un
uzlabosana [4]

sekmejot atjaunojamo energoresursu, blakusproduktu, atkritumu, atlieku un citu nepartikas
izejvielu piegadi un izmantosanu bioekonomikas vajadzibam [5C]

samazinot siltumnicefekta gazu un amonjaka emisijas lauksaimnieciba [5D]

veicinot oglekla uzglabasanu un piesaisti lauksaimnieciba un mezsaimnieciba [5E]
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Projekta merkis bija izstradat tirgl pieprasitus, videi draudzigus produktus - augu aizsardzibas
lidzeklus un multifunkcionalas augsnes piedevas, ka izejvielu Siem produktiem izmantojot
meza kopsanas rezultata ieglitos mezizstrades atlikumus. Projekta merkis sasniegts.

Racionala mezistrades atlikumu izmantoSanas shéma:

Proantocianidinu satuross
ekstrakts ka dabigs fungicidais

preparats
Ekstrakcija ar
zaliem
skidinatajiem

Mezizstrades atlikums
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Méslojums Priezu s€jinu audzé3anai 5|

Mezizstrades atlikumi ir potenciala izejviela proantocianidinus (PAC) saturosu
ekstraktu ieguvei. Izstradati polifenolu ekstrakti un proantocianidini izmantojot videi
draudzigus skidinatajus un pielagotus ekstrakcijas rezimus.

Mezizstrades ekstrakti un PAC uzradija fungicido aktivitati laboratorijas apstakos (in
vitro), ar MIC/MFC raditajiem no 12,5 lidz 50 mg/mL pret vairakiem nozimigiem
patogé€niem, tostarp Botrytis cinerea, Mycosphaerella sp., Heterobasidion annosum,
Heterobasidion parviporum. Tas liecina par preparata potencialu ka dabigas izcelsmes
fungicidu. Tomeér laika apstakos, apsmidzinot vasaras kvieSus no karoglapas
veidoSanos I1dz pilngatavibai, preparats neuzradija butisku efektivitati pret galvenajam
lapu slimibam-brtna riisa, lapu dzeltenplankumainiba un miltrasa. Preparata lietoSanas
tehniska efektivitate neparsniedz 0-5 %, kas liecina paz zemu aizsargojoso iedarbibu
dabigas infekcijas apstaklos. Lidzigi ari testos ar priezu s€jeniem, kas tika apsmidzinati
reizi ménesi vegetacijas perioda, netika novérotas atSkiribas starp apstradatajiem un
kontroles augiem. Visi augu saglabajas veseli un bez redzamam slimibas vai kaiteklu
pazimém. Lidz ar to $aja posma efektivitates novert€jums nebija iesp&jams.

P&c ekstrakcijas iegiitais meZizstrades atlikums ir lielisks organisko vielu avots. To
bagatinot ar dabiskam baribas vielam, tiek iegiitas augsnes piedevas. Efektivaka
augsnes piedeva bija ta, kas tika enzimatiski apstradata un bagatinata ar smiltsérksku
ogu izspiedam un Si-saturoo kompleksu (15% uz kop&jo masu). ST augsnes piedeva,
deva 40 kg/ha, pozitivi ietekm@ja dillu, redisu, kartupelu, kvieSu un priezu s€jenu
augSanu. Tas apliecina piedevas potencialu ka efektivu, videi draudzigu lidzekli
biologiskaja lauksaimnieciba un mezsaimnieciba.

Veikta Latvijas augS$nu analize, kas liecina par to vaji skabo reakciju. Izstradata augsnes
piedeva, kas var€s samazinat augsnes skabumu. AtSkiriba no kimiski sintez€tajiem
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preparatiem, iegtitas videi draudzigas piedevas nodroSina gan augu baroSanu, gan
uzlabo augsnes kvalitati, neparméslojot to un neradot negativu ietekmi uz vidi.

*» Mezizstrades atlikumu racionala izmantoS$ana vienlaikus veicina siltumnicefekta gazu
emisiju samazinasanu un oglekla dioksida piesaisti Latvija, ka ar1 lauj atgriezt dabas
aprit€ no tas panemto organisko dalu, kas nepiecieSama augsnes biotiska kompleksa
labvéligai darbibai.

Projekta numurs: 23-00-A01612-000008



2. PROJEKTA DARBIBAS REZULTATA SASNIEGSANAI

Laikposms, par kuru tiek iesniegts parskats

01.07.2023-30.06.2025

Sadarbibas partneri, kas
iesaistijusies rezultata
sasniegSana

Izmantotie resursi

Projekta darbiba

SIA Lidums mezs

SIA “Lidums
meZzs” meZzs.
Iesaistitais
personals —
mezsaimnieks.
Iekartas — meza
traktors ar meza

Darbiba nr. 1. Mezistrades atlikumu (zari,
stkkoki, kriimi) sagatavosana, tos
sasmalcinot 11dz 2-5 cm dalinu izméram.
Darbiba nr. 12. P&tamo meza un biologisko
lauku augsnes agrokimiska izpéte.

Darbiba 19. Augsnes piedevas
efektivitates noteikSana sertific€to priezu

nr.

s€jinu audzeSana meza, sagatavotd augsné;

Sgjinu augSanas dinamikas noveérteésana,
izmantojot RhizoScan iekartu.

Darbiba nr. 21. Polifenolu kompleksa un

vadosais pétnieks,
pétnieki, inZenieri.
Scopus un Web of
Science resursu
zinatniskas
publikacijas.
Iekartas:
smalcinatajs Retsch
SM100, analitiskie
svari, kolbas,
varglazes u.c.
trauki, liofilizacijas
iekarta, elektriska
plitina u.c.

piekabi, e . - ..
—c. proantocianidinu test€Sana priezu s&jinu
motorzagis, . o oo
y _. aizsardziba no patogeéniem
Skeldotajs utt. . - s ..
mikroorganismiem un kaitekliem sgjinu
augsanas laika (vizuali). Paraugu
koncentracija tiks izv€leta, pamatojoties uz
antimikrobialas aktivitates testu rezultatiem.
Zinatniskais Darbiba nr. 3. Polifenolu kompleksa
Latvijas Valsts Koksnes |personals — ekstrakcija no  biomasas, izmantojot
Kimijas institiits projekta vaditajs — |ekologiski drosus “zalus” $kidinatajus.

Darbiba nr. 4. Proantocianidinu izdali$ana no
ekstrakta.

Darbiba nr. 6. Pecekstrakcijas mezizstrades
atlikuma, ka augsnes piedevas substrata,
kimiska raksturoSana (nosakot tam mitrumu,
pelnu saturu, organisko vielu, lignina,
huminskabes, baribas elementu un smago
metalu (galvenokart - Pb, Hg, As, Ni, Cd)
saturu.

Darbiba nr. 8. Enzimatiski apstradatas un
neapstradatas biomasas modificéSana, to
bagatinot ar mikro un makro elementiem no
smiltseérkSku ogu izspiedam.

Darbiba nr. 9. legiito modific€to preparatu
(turpmak tekstd - augsnes piedevas)

agroktmiska raksturoSana.
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Darbiba nr. 17. Augsnes piedevas
efektivitates noteikSana sertific€to priezu
s€klu digSanas intensitates uzlabosana;
Darbiba nr. 18. Augsnes piedevas
efektivitates noteikSana sertificéto priezu
s€jinu audzeSana substrata podinos; S€jinu
augSanas dinamikas novért€Sana, izmantojot
RhizoScan iekartu.

Darbiba nr. 19. piedevas
efektivitates noteikSana sertificéto priezu
s€jinu audzeSana meza, sagatavota augsné,

Augsnes

S€jinu augsSanas dinamikas novertesana,
izmantojot RhizoScan iekartu.
Darbiba nr. 23. Augsnes piedevu un augu

publikacijas,
zinatniska literatira
un konferencu
krajumi.
Analitiskie  svari,
laboratorijas trauki
u.c.

aizsardzibas lidzeklu lietoSanas
rekomendacijas izstrade.

SIA EkoKompozit Uznémuma Darbiba nr. 2. MezZizstrades atlikumu
personals. Scopus|papildus  sagatavosana  ekstrakcijai -
un Web of Science|sagatavosana (zavéSana, smalcinasana)
resursu zinatniskas|biologiski aktivo vielu - polifenolu

izdaliSanai no biomasas.

Darbiba nr. 7. Saudzgjosa biomasas atlikuma
enzimatiska apstrade.

Darbiba nr. 8. Enzimatiski apstradatas un
neapstradatas biomasas modific€Sana, to
bagatinot ar mikro un makro elementiem no
smiltsérkSku ogu izspiedam.

Darbiba nr. 11. Augsnes piedevas testéSana
uz augsnes mikroorganismiem (augsnes
elposanas testi), izmantojot Oxi-Top iekartu;
Darbiba nr. 12. P&tamo meza un biologisko
lauku augsnes agrokimiska izpéte.

Darbiba nr. 23. Augsnes piedevu un augu
aizsardzibas lidzeklu
rekomendacijas izstrade.

lietoSanas

Latvijas Universitate

Iesaistitas personals
— vadoSais petnieks,
pétnieki.

Scopus un Web of]
Science
zinatniskas
publikacijas,

resursu

zinatniska literatura

Darbiba nr. 5. Antimikrobialas aktivitates
noteikSana, preparatu minimalas inhib&josas

koncentracijas (MIC) un  minimalas
baktericidas/fungicidas koncentracijas
(MBC/MFC) noteikSana.
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un konferencu

krajumi.

Latvijas Biozinatnu un
tehnologiju universitate
Zembkopibas zinatniskais
institiits

Iesaistitas personals
— pétnieki. Scopus
un Web of Science
resursu zinatniskas

Darbiba nr. 12. P&tamo meza un biologisko
lauku augsnes agrokimiska izpgte.

Darbiba 13.  Augsnes piedevas
efektivitates noteikSana kartupelu un vasaras

nr.

publikacijas, kvieSu s€jumos biologiskaja lauksaimnieciba

zinatniska literatiira|(lauka izm&ginajumi).

un konferencu|Darbiba nr. 14. KvieSu razas kvalitates

krajumi. raditdju noteikSana (produktivo stiebru
skaits, vienas varpas svars, graudu skaits
viena varpa, 1000 graudu masa, kopproteina
saturs, lipekla un cietes saturs, Zeleny
indekss, tilpummasa).
Darbiba nr. 15. Kartupelu razas novertéjums
(razas starpiba starp variantiem, cietes saturs
%, precu produkcijas iznakums, bumbulu
sadalijums pa frakcijam, viena bumbula
svars).
Darbiba nr. 22. Polifenolu kompleksa un
proantocianidinu test€Sana kviesu
aizsardziba no patog€niem
mikroorganismiem un kait€kliem to augSanas
laika (vizuali); Paraugu koncentracija tiks
izvEleta, pamatojoties uz antimikrobialas
aktivitates testu rezultatiem.

SIA Sijati Uznémuma Darbiba nr. 12. P&tamo meza un biologisko
darbinieks. lauku augsnes agrokimiska izpéte.
Darzkopibas un|Darbiba nr. 18. Augsnes piedevas
meza inventars. efektivitates noteikSana sertific€to priezu

s€jinu audzeSana substrata podinos; Sgjinu
augSanas dinamikas novertéSana, izmantojot
RhizoScan iekartu.

SIA BRUwell Uznémuma Darbiba nr. 8. Enzimatiski apstradatas un
darbinieks. neapstradatas biomasas modific€Sana, to
Zinatniska bagatinot ar mikro un makro elementiem no
literatiira. smiltseérksku ogu izspiedam.

Darzkopibas
inventars.
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Privatpersona Indulis
Lidacis

Darzkopibas
meZa inventars.

un

Darbiba nr. 18. Augsnes piedevas
efektivitates noteikSana sertific€to priezu
s€jinu audzeSana substrata podinos; S€jinu
augSanas dinamikas novertéSana, izmantojot
RhizoScan iekartu.

Privatpersona Karlis
Sternbergs

Darzkopibas
meza inventars.

un

Darbiba nr. 19. Augsnes piedevas
efektivitates noteikSana sertificéto priezu
s€jinu audzeSana meza, sagatavotd augsné;
Sgjinu augsSanas dinamikas novérteésana,
izmantojot RhizoScan iekartu.

Darbiba 20. piedevas
efektivitates noveérte€Sana uz nonikuSiem

nr. Augsnes
meZza augoSiem priezu stadiniem.
Darbiba nr. 21. Polifenolu kompleksa un
proantocianidinu test€Sana priezu sgjinu
aizsardziba no patogéniem;
mikroorganismiem un kaitekliem
laika (vizuali).

koncentracija tiks izveéleta, pamatojoties uz
antimikrobialas aktivitates testu rezultatiem.

sgjinu

augsanas Paraugu
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3. SASNIEDZAMO MERKU IZPILDES REZULTATI

Projekta darbibas rezultats

Mervienib
a

Vertiba/
skaits

Atkap
€s no
planot
a(air
radusa

5)

Rezultats: sagatavotas septinas partijas mezizstrades atlikumu
Skeldas/mizas veida ar dalinu izm@ru 2-5 cm.
Darbiba nr. 1. Mezistrades atlikumu (zari, stkkoki, krtimi)
sagatavoSana, tos sasmalcinot [idz 2-5 cm dalinu izméram.
Izpilditajs: SIA Lidums meZs.
Projekta perioda meza kopSanas rezultata, paSumos “Danci” un
“Jaunzem;’’, Olaines pagasta, Olaines novada, no dazadu kopSanas
cirSu materiala dazadas sezonas tika sagatavotas septinas
mezizstrades atlikumu partijas S1-S7 (zari, sikkoki, kriimi). Katra
mezizstrades atlikumu partija tika Skeldota Iidz Skeldas dalinu
izm@ram 2-5 cm. Vidgjais katras biomasas partijas apjoms bija 100-
200 kg.

1. tabula. Sagatavoto Skeldas paraugu saraksts

Parauga Parauga ievaksanas gads / ménesu
apzim&jums periods

S1 lapkoku Skelda 2023, julijs-septembris

S2 lapkoku Skelda 2023, oktobris-decembris

S3 lapkoku Skelda 2024, janvaris-marts

S4 lapkoku skelda 2024, aprilis-junijs

S5 skujkoku skelda 2024, julijs-septembris

S6 priezu miza 2024, oktobris-decembris

S7 lapkoku skelda 2025, janvaris-marts

Paraugs

partijas

Rezultats: veikta meZizstrades atlikumu sagatavoSana
ekstrakcijai.

Darbiba nr. 2. Mezizstrades atlikumu papildus sagatavoSana
ekstrakcijai - sagatavosana (zavéSana, smalcinasana) biologiski
aktivo vielu - polifenolu izdaliSanai no biomasas.

Izpilditajs: SIA EkoKompozit.

Péc vidgja parauga panemsSanas no katras partijas mezizstrades
atlikumi tiek zaveti 20-25 °C temperatiira lidz mitruma saturam, kas
neparsniedz 10%. P&c zavesSanas atlikumi tika papildus
sasmalcinati, izmantojot naza tipa smalcinataju Retsch SM 100,
pakapeniski mainot sieta izméru no 10 mm Iidz 1 mm. Frakcionéta
un izsijata Skelda/miza ar dalinu izméru 1 mm tika izmantota
ekstrakcijai, lai ieglitu mérksavienojumus- dabiskos polifenolus.

partijas
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Rezultats: kimiski raksturoti mezizstrades atlikumi ar analitiskas
pirolizes metodi; izanaliz€ti jauni literatiiras dati par polifenolu
ekstrakcijas panémieniem no lignocelulozes biomasas; pielagoti
apstakli PAC izdaliSanai; iegiiti septini ekstrakti no katras
mezizstrades atlikumu partijas un septini atlikumi pec ekstrakcijas.
Darbiba nr. 3. Polifenolu kompleksa ekstrakcija no biomasas,
izmantojot ekologiski drosus “zalus” $kidinatajus.

Izpilditajs: Latvijas Valsts Koksnes Kimijas institts.

1) Projekta laika veikts mezizstrades atlikumu kimiskais
raksturojums izmantojot analitiskas pirolizes metodi.
Analitiska pirolize balstas uz atras pirolizes procesu, kura
biomasas paraugs tiek uzkarséts ar atrumu: 500°C/sec., ar
sekojoSo gaistoSo produktu gazes hromatografijas analizi.
Pirolizei izmantoja Fonttier Lab Micro Doble shot Pirolizes
terici (Py- 20201D, Japana). Produktu identifikacija notika
ar masu spektrometrisko detektoru. 1. atteéla ir paradits
identificgjamo savienojumu relativais saturs mezistrades
atlikumu (S1-S7) sastava. Mezistrades alikumi raksturojas
ar lielu oghidratu saturu (celuloze un hemicelulozes
degradacijas procesa gaistoSie produkti), fenolisko
savienojumu Ilignina un ekstraktvielu degradacijas procesa

gaistoSie produkti).

70,00

59,81
’ 57,30
; 54,80

< 60,00 50,94 52,91 50,68 3354
- 50,00
E
£ 40,00
53000 B 13 85 0 88 33
E ’ 1,72
<
< 20,00
o 1,40 80 11 13 .80

10,00 3.56 b b2 021 4,03 4.86 3,35

0.00 n [ L i N ] i
1 2 3 4 5 6 7
m CO2, H20

B Ogludenrazi
Fenoliskie savienojumi
B N-saturosie savienojumi
m Alifatiskie, aromatiskie un cikliskie monomeri

1. attels. Mezistrades atlikumu analitiskas pirolizes dati.

2) Izanalizéti jauni literatiiras dati par polifenolu ekstrakcijas
panémieniem no lignocelulozes biomasas, dodot prieksroku
"zaliem" $kidinatajiem. Etanols ir biologiski noardams, ieglistams
no atjaunojamiem resursiem (pieméram, graudiem, augliem) un
mazak toksisks neka metanols vai acetonitrils. 50-80%
etanolaiidens maisijumi ir plasi pielietoti polifenolu ekstrakcija no
mizas, Skeldas un augiem. Vairaki pétijumi rada, ka 70-80%
etanols-tidens skidumi nodroSina labi sabalans€tu polaro/nepolaro
savienojumu ekstrakciju. Balstoties uz literatiiras analizi:

a) skidinataja koncentracija: 70-80 % (etanola-tidens skidums)

Liofilizeti
ekstrakti
(partijas)
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b) temperatura 50-60 °C, lidz 2-4 h.
¢) biomasas:skidinataja attieciba: 1:10-1:20 (g:mL).

3)Pilnvertigai ekstrakcijai, proantocianidinu izdaliSanai no
biomasas ir pielagoti apstakli. Efektivakai PAC izdaliSanai no
biomasas tika pielagoti PAC izdaliSanas rezimi. Visparzinams ir
fakts, ka augsta ekstrakcijas temperatiira palielina ekstrakcijas
efektivitati. Lai noteiktu piemeérotako ekstrakcijas temperatiiru,
paraugu ekstrakcija tika veikta 20 °C, 40 °C, 60 °C, un 80 °C
temperatiira ar 80 % EtOH pie noteikta optimala hidromodula (1:8),
ekstrakciju veicot 30 minttes. legutie rezultati paradija, ka
visaugstakais PAC iznakums tiek sasniegts, ja ekstrakcijas
temperatiira ir 60 °C. Paaugstinot ekstrakcijas temperatiiru 1idz 80
°C, PAC saturs ekstrakta sastava samazinajas, kas liecina par daléju
PAC termisko destrukciju paaugstinata temperatiira.

Ekstrakcijas laika pielagoSanai, paraugu ekstrakcija tika veikta pie
noteiktas piemérotakas ekstrakcijas temperattras — 60 °C, optimala
hidromodula — 8, ka ekstrahentu izmantojot 80 % EtOH.
Ekstrakcijas laiks tika mainits no 5 11dz 60 min., nosakot maksimalo
PAC saturoSo ekstraktu. legiitie rezultati parada, ka optimalais
ekstrakcijas laiks PAC izdaliSanai ir 60 minites, iegiistot 24,2%
ekstrakta ar PAC saturu 36,2%/SM.

Atkartojot vienpakapes parauga ekstrakciju tris reizes (tris ciklu
ekstrakciju) ar katra cikla ilgumu 30 miniites (80% EtOH, 60 °C,
hidromoduli — 8, 3 x 30 min.), tika noskaidrots, ka visaugstakais
PAC ekstrakta iznakums tiek sasniegts ekstrakcijas pirma cikla
laika, un tas ir 86 % no kopgja izdalita PAC daudzuma. Otra un tresa
cikla laika PAC ekstrakta iznakums bija attiecigi 9 % un 5 %,
parrékinot uz a. s. paraugu. Savstarpgji salidzinot PAC saturu
ekstraktos, ar katru nakamo ekstrakcijas ciklu, PAC saturs ekstrakta

pieaug.
Nemot véra, ka, veicot tris ciklu biomasas ekstrakciju,
elektroenergijas patérin$ palielinas triskartigi, kas ir ekonomiski
neizdevigi no PAC saturoSa ekstrakta iegiiSanas viedokla, bet
izdalita ekstrakta PAC pieaug minimali, ir nolemts, ka racionalakais
risinajums PAC izdaliSanai no mezizstrades atlikumiem ir viena
ekstrakcijas cikla izmantoSana ar ekstrakcijas laiku 60 minates.
Nemot veéra eksperimentu rezultatus, PAC efektivai izdaliSanai no
mezizstrades atlikumiem ir pielagoti sadi ekstrakcijas parametri:

1. ekstrahents — 80 % EtOH;

2. hidromodulis — 8;

3. temperatiira — 60 °C;

4. ekstrakcijas laiks — 60 min.
Balstoties uz Siem datiem, vairaku méneSu perioda tiek veikta
polifenolu saturoSo ekstraktu sagatavoSana pulvera veida
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turpmakam analiz€m un domingjosa polifenola savienojuma PAC
izdaliSanai.

Sagatavotie biomasas (S1-S7) paraugi tiek ekstrah&ti ar etanola-
tidens maistjumu (8:2, v/v). Ekstrakcijas tiek veiktas kolba 1 stundu,
uzturot 60 °C. Ekstrakcijas beigas etanols tiek ietvaicets un iegiitie
tdens maistjumi tiek sasaldeti 11dz 25+2°C un ievietoti liofilizacijas
kamera, kur vakuuma (1,2-1,5 hPa) un zemas temperatiiras (-50 °C)
ietekm@, sublimacijas rezultata, tika iegtiti viendabigi pulverveida
preparati, nezaudjot ta strukturalo integritati un biologisko
aktivitati, ievérojami pagarinot uzg

labasanas laiku.
=

2. attels. Ekstraktu iegiSanas process: A-sasmalcinata biomasa; B-
ekstrakcija kolba; C-etanola ietvaicgSana; D-paraugu liofilizacija.

Balstoties uz iegiitiem rezultatiem, lapkoku un skujkoku Skeldai

hidrofilo ekstraktvielu saturs bija robezas no 15 Iidz 24 %/SM.

Priezu mizas hidrofilo ekstraktvielu saturs bija 23%/SM (3. att€ls).
50
45 41.8
40 | 362 346 36.1

284

= 30 24, 5 22

,_.
(=]
(3]
[o%)
o]
o

51 S2 S3 S4 S5 S6 S7

Paraugs

B Ekstrakta 1znakums no biomasas, %/SM
B PAC saturs ckstrakta sastava, %/SM
B PAC iznakums no biomasas, %/SM

3. att€ls. Mezizstrades atlikumu potencials proantocianidinu ieguvei.

Proantocianidina saturs ekstrakta noteikts izmantojot Portera
metodi jeb ta saucamo butanol-HCI analizi. Proantocianidinu saturs
ekstrakta sastava bija no 16 lidz 42%/SM, parrékinot uz biomasu
3-10%/SM. Augstakais PAC saturs bija mizai (S6). Paraugs S7
saturéja mazak PAC, kas saistits ar zemo mizas Ipatsvaru biomasa.
Balstoties uz iegiitajiem rezultatiem, zarus var uzskatit par
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potencialo izejvielu PAC saturo$o ekstraktu ieguvei, pasi sikos
zarus ar augstu mizas Tpatsvaru.

Rezultats: pielagota metode PAC izdaliSanai no ekstraktiem;
izdaliti 7 frakcijas (3 atkartojumos) no biomasas ekstraktiem;
sagatavoti PAC turpmakam analizém.

Darbiba nr. 4. Proantocianidinu izdaliSana no ekstrakta.

Izpilditajs: Latvijas Valsts Koksnes Kimijas institiits.

Projekta tika veikta proantocianidinu izdaliSanas metodes
pielagosana no sagatavotiem ekstraktiem, izmantojot Sephadex LH-
20 sorbentu. Ka eluenti tika izmantoti 96% EtOH, 80% EtOH un 50
% EtOH. No Siem eluentiem tikai 96% EtOH bija piem&rots PAC
selektivai izdaliSanai, jo 80% un 50% etanola $kidumi vienlaikus
izdalija ar1 cukurus un polifenolu glikozidus, kas butiski samazina
ieguto frakciju tiribu. Izmantojot pielagoto metodi, no sagatavotiem
ekstraktiem tiek izdaliti 7 PAC frakcijas, kuras péc skidinataja
ietvaic€Sanas un iidens suspensijas liofilizacijas tiek testetas nosakot
tiribas pakapi péc Porter metodes, ka standartu izmantojot
Procianidin B2. P&éc Porter metodes, visiem izdalitiem PAC tiriba
pakape bija augstaka par 92%.

4. attels. PAC izdaliSanas process izmantojot Sephadex LH-20.

Izdaliti un
liofilizeti
PAC
(partijas)

Rezultats: veikta jaunako literatiiras datu analize attieciba uz PAC
fungicido  aktivitati; veikta mikroorganismu izvéle no
Mikroorganismu kulttiru kolekcijas; noteikta vidgja ekstraktu un
proantocianidinu minimala inhib&osa koncentracija (MIC) un
minimala baktericida/ fungicida koncentracija; veikta datu apstrade
zinatniskiem rakstiem un zinatibai.

Darbiba nr. 5. Antimikrobialas aktivitates noteikSana, preparatu
minimalas inhib&josas koncentracijas (MIC) un minimalas
baktericidas/fungicidas koncentracijas (MBC/MFC) noteikSana.
Izpilditajs: Latvijas Universitate, Biologijas fakultate.

Projekta ir veikta literatiras analize par proantocianidinu (PAC)
fungicido aktivitati attieciba pret augu patog€nam sénem. Autori

Augu
aizsardziba
s lidzekli

14
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liecina, ka ekstrakti, kas bagatinati ar PAC demonstré spécigu in
vitro fungicido aktivitati attieciba pret B. cinerea

gan uz micé€lija augSanas, gan sénu augSanas inhibésanu (Liu H.M.,
2010).

Liu HM, Guo JH, Cheng YJ, Liu P, Long CA, Deng BX. Inhibitory
activity of tea polyphenol and Hanseniaspora uvarum against
Botrytis  cinerea infections. Lett Appl Microbiol. 2010
Sep;51(3):258-63. doi: 10.1111/j.1472-765X.2010.02888.x. Epub
2010 Jun 16. PMID: 20633212.

Literatiiras dati attieciba pret augu patogénam s€né€m ir ierobezota.
Ir dati par zemmolekularo fenolu savienojumu (pieméram
ferulinskabes vai kvercetina) sinergisko darbibu, kas efektivi
palielina PAC fungicido aktivitati, nemot veéra to sp&ju ietekmét
Stinu sienu sint€zi un membranu integritati. Literatira noradits, ka
PAC svarstibas ekstrakta var kompensét zemmolekularos
polifenolus, radot sinergisku fungicido aktivitati (Nechita A,
Caruso F.2011;David Taillis 2023).

NECHITA, A., FILIMON, R. V., FILIMON, R. M., COLIBABA, L.-C.,
GHERGHEL, D., DAMIAN, D., PASA, R., & COTEA, V. V. (2018). In
vitro Antifungal Activity of a New Bioproduct Obtained from Grape Seed
Proanthocyanidins on Botrytis cinerea Mycelium and Spores. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca, 47(2), 418—425.
https://doi.org/10.15835/nbha47111367.

Caruso F, Mendoza L, Castro P, Cotoras M, Aguirre M, Matsuhiro B,
Isaacs M, Rossi M, Viglianti A, Antonioletti R. Antifungal activity of
resveratrol against Botrytis cinerea is improved using 2-furyl
derivatives. PLoS One. 2011,;6(10):e25421. doi:
10.1371/journal.pone.0025421. Epub 2011 Oct 11. PMID: 22022392;
PMCID: PMC3191159.

David Taillis, Oussama Becissa, Anthony Pébarthé-Courrouilh, Elodie
Renouf, Antonio Palos-Pinto, Tristan Richard, and Stéphanie Cluzet.
Antifungal Activities of a Grapevine Byproduct Extract Enriched in
Complex Stilbenes and Stilbenes Metabolization by Botrytis cinerea.
Journal of Agricultural and Food Chemistry 2023 71 (11), 4488-4497.
DOI: 10.1021/acs.jafc.2c07843

Mikroorganismu izvéle no Latvijas Mikroorganismu kultiiru
kolekcijas tiek veikta atbilstosi nozimigakajam augu slimibam, kas
rada bitisku apdraudéjumu komercialajai meZsaimniecibai un
lauksaimniecibai. Starp Siem patogéniem ir Botrytis cinerea,
Mycosphaerella sp., Heterobasidion annosum, un Heterobasidion
parviporum.

Lai noveértetu PAC saturoSo preparatu potencialu ka augu
aizsardzibas lidzeklus, projekta ietvaros tiek testeti septini ekstrakti
un septini izdaliti PAC dazadas koncentracijas So Cetru patogéno
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sénu augSanas inhib&Sana, vienlaikus nosakot arl minimalo
fungicido aktivitati.

Botrytis cinerea inficé vairak neka 200 augu sugas, izraisot peleko
puvi, kas raksturojas ar peléku, piikainu micé€liju uz augu virsmam.
Ekstrakti un PAC koncentracija mazak par 2 % neuzradija fungicido
aktivitati. Sagatavojot 2 % preparatus, tos izskidinot destiléta tident,
tiek no jauna testéti fungicido sénu inhib&Sana. P&tjjuma rezultati
paradija, ka tikai PAC saturoSie preparati uzradija fungicidu
aktivitati pret B. cinerea. Frakcijam, no kuras PAC tiek atdaliti, $ada
aktivitate netika noverota, frakciju iedarbiba bija lidziga kontroles
paraugam. Pie 2% ekstraktu koncentracijas sénu koloniju skaits péc
trim dienam bija 1.8-1.9 reizes mazaks neka kontrole.

Septorijas (Septoria tritici) lapu plankumainibu, ko izraisa $§1
Mycosphaerella sugas séne, uzskata par vienu no nozimigakajam
kviesu slimibam pasaul€, un daudzos regionos ta ik gadu var izraisit
lidz pat 50% raZas zudumu. Visi ekstraktu paraugi, kas saturgja
oligomérus un zemmolekularus polifenolus, ka ar1 to glikozidus,
uzradija pretseniSu aktivitati pret Mycosphaerella. Pie 2%
koncentracijas sénu koloniju skaits seSu dienu laika samazinajas
1,2-1,5 reizes. PAC darbiba bija lidziga ekstraktu aktivitatei.
Skujkoku saknu un stumbra pamatnes trupi izraisa bazidijséne
Heterobasidion annosum (H. Annosum), kas ir nopietna slimiba,
ietekmgjot daudzas skujkoku sugas un radot bitisku apdraudgjumu
komercialajai meZsaimniecibai. Ta infic€ saknes, stumbra pamatni
un pasu stumbru. Kontinentalaja Eiropa infekcijas izplatiba ir
augsta, savukart Apvienotaja  Karaliste-mazak  izteikta.
Skandinavija §1 slimiba ietekmé lidz pat 25% Norvégijas egles
(Picea abies) koku, radot ikgad&jus zaud€jumus, kas merami simtos
miljonu eiro. PAC saturo$i preparati uzradija fungicidu aktivitati
pret So séni, tacu efektivaki bija ekstrakti. Lidziga pretséniSu
iedarbiba tika nov€rota ari pret Heterobasidion parviporum,
nozimigu koksnes sadalitaju, kas izraisa baltas trupes veidosanos
saknu un stumbra pamatnes zona.

60

50 3 m4 w5

r r 0 2
i 1
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| I | I 1| I |
) il ol nlll o m

Reference 2% PACE 2% PAC Reference 2% PACE 2% PAC Reference 2% PACE 2% PAC Reference 2% PACE 2% PAC
nesaturo§a nesaturoa nesaturosa nesaturoda
frakeija frakeija frakcija frakcija
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s 3
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Botrytic cinerea MSCL 433 Mycosphaerella sp. MSCL 858 Heterobadidion annosum MSCL  Heterobasidion parviporum
1020 MSCL 980

5. att€ls. Paraugu fungicida aktivitate
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Visiem ekstraktiem un PAC paraugiem tiek noteikts MIC un
MBC/MFC, aprekinot vid€jo vertibu.

2. tabula. Septinu ekstraktu un septinu PAC minimala inhib&josa
koncentracija (MIC) un minimala fungicida koncentracija (MFC), mg/mL

Paraugi . ... | Heterobasidi
g Botrytis Mycosphaer | Heterobasidi
on
cinerea ella sp. on annosum )
parviporum

MIC/MFC, mg/mL

Ekstrakti 25/50 25/50 12,5/12,5 12,5/12,5

PAC 12,5/25 25/50 6,25/12,5 6,25/12,5

Apkopojot datus, noverots, ka ekstraktos mainigs proantociandinu
saturs neietetkmé MIC un MFC. To var izskaidrot ar augstu
zemmolekularo polifenolu saturu, kas pierada to, ka tiem arT piemit
fungicida aktivitate un tie var stradat sinergiski, kompens&jot PAC
trikumu ekstrakta sastava.

B. cereus ir grampozitiva, sporveidojosa bakterija, kas dabiski
sastopama augsné, uz augu virsmam un sakném. So sénu ietekme
daba ir pretruniga, ta var veidot toksinus, kas izraisa cilvéka
slimibas, bet tikai no produktu lietoSanas uztura, kas ir piesarnoti ar
So bakteriju. Pasiem augiem ta nav kaitiga, pat dazkart otradi, var
pozitivi ietekm&t augSanu, nutrientu uznemSanu un veicinat
piesarnotas augsnes bioremediaciju. PAC saturoSie preparati inhibé
B. cereus baktérijas augSanu. PAC un ekstraktu vidéja minimala
baktericida koncentracija (MBC) bija 50 mg/mL, neuzradot spécigu
antibakterialo aktivitati, kas varétu negativi ietekmét B. cereus
celmi, spgjigu uzlabot augu noturibu pret stresu.

Apkopojot datus tiek sagatavoti 3 raksti un viena zinatiba.

Rezultats: veikta péc ekstrakcijas mezizstrades atlikumu, ka
augsnes piedevas substratu kimiska raksturoSana.

Darbiba nr.6. Péc ekstrakcijas meZzizstrades atlikuma, ka augsnes
piedevas substrata, kimiska raksturoSana (nosakot tam mitrumu,
pelnu saturu, organisko vielu, lignina, huminskabes, baribas
elementu un smago metalu (galvenokart - Pb, Hg, As, Ni, Cd)
saturu.

Izpilditajs: Latvijas Valsts Koksnes kimijas instituts.

Visi biomasas atlikumi péc ekstrakcijas tika zaveti un paklauti
kimiskai raksturoSanai, sakot ar analitisko pirolizi.

sagatavot
ie
atlikumi
pec
ekstrakcij
as
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6. attels. P&c ekstrakcijas mezizstrades atlikumu analitiskas pirolizes
dati, relativais savienojumu saturs % biomasa

Veikts savstarp€js kimiska raksturojuma salidzinajums biomasai
pirms ekstrakcijas (2. attels, pirolizes dati) un pec ekstrakcijas (6.
attels, pirolizes dati). Balstoties uz to, ka ekstrakcijas procesa tiek
izdalitas PAC saturosSas ekstraktvielas, analitiskas pirolizes dati
apliecina fenolisko savienojumu samazinajumu pirolizes produktu
sastava. Augsts oghidratu saturs pirolizes produktu sastava norada
uz augstu organisko vielu saturu atlikumu sastava.

Ka nakamais solis, lai noverteétu biomasas atlikumu ka augsnes
piedevas substratu, visiem biomasas atlikumiem péc ekstrakcijas
tiek noteikts mitrums, pelnu, organiskas vielas, lignina,
huminskabju, baribas elementu un smago metalu saturs
(galvenokart - Pb, Hg, As, Ni, Cd). 3. tabula tiek atspogulotas
noteikto raditaju vid€jas vertibas.

3. tabula. Mezizstrades atlikumu kimiskais raksturojums.

Nosakamais raditajs | Rezultats (S1- | Metode

S7)
Kopgjais slapeklis | 1,1-1,4 (+0,1) LVS EN 13654-
dabigi mitra parauga 1:2003
masa, %
Kopgjais fosfors | 0,02-0,06 LVS 398:2002

(P2Os) dabigi mitra | (£0,02)
parauga masa, %

Kopgjais kalijs (K20) | 0,04-0,06 LVS ISO

dabigi mitra parauga | (£0,02) 11466:1995 LVS

masa, % ISO 9964-3:2000

Sausna, % 91,4-92,6 LVS EN 13040:2008
(£0.1)
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Organisko vielu | 97,2-96,7 LVS EN 13039:2012

saturs sausna, % (£0,1)

Mitrums, % 7,4-8,3% (£0,3) | LVS EN 13040:2008

Dzivsudrabs, Hg, | <0,1 LVS 346:2005

sausda parauga masa,

mg/kg

Kadmijs, Cd, sausa | <0,5 LVS 1SO

parauga masa, mg/kg 11047:1998 A

Arséns, As, sausa | <1,2 LVS ISO

parauga masa, mg/kg 11466:1995 LVS EN
ISO 15586:2003

Svins, Pb, sausa | <0,1 LVS 1ISO

parauga masa, mg/kg 11047:1998 A

Vides reakcija, pH | 5,2-5,6 (£0,1) ISO 10390:2021
(KCI), pH vien.

Balstoties uz iegtitiem datiem, var secinat, ka substrats ir ar augstu
organisko vielu saturu. Kalija, slapeka, fosfora un s€ra saturs bija
zems, kas norada uz nepiecieSamibu modific€t biomasas atlikumu,
to bagatinot ar baribas vielam. Smago metalu saturs bija zems un
atbilda MK noteikumos noteiktajam normam.

Rezultats: veikta péc ekstrakcijas mezizstrades atlikumu
enzimatiska hidrolize; pielagota enzimatiskas apstrade.

Darbiba nr. 7. Saudz&joSa biomasas atlikuma enzimatiska
apstrade.
Izpilditajs: SIA EkoKompozit

Projekta veikta enzimatiskas apstrades pielagoSana biomasas
atlkumam pirms un péc ekstrakcijas.

Mezizstrades atlikumi ir bagati ar lignocelulozes materialu, kura
ietilpst celuloze, hemiceluloze, lignins un ekstraktvielas. Dabiska
veida biomasas sadalas loti leni, tadel tas tieSa izmantoSana augsné
biezi vien ir neefektiva un var pat nelabveligi ietekmét augsnes
mikrobiologisko  lidzsvaru, piesaistot augsnes slapekli
humificéSanas procesa un veicinot patogeno s€nu attistibu.
Enzimatiska biomasas hidrolize bija efektiva un videi draudziga
metode, kas lauj mérktiecigi noardit celulozes un hemicelulozes
polimérus biomasas sastava, parveidojot tos par vienkarSiem
cukuriem un biologiski akfiviem savienojumiem, uzlabojot
substrata biologisko vertibu un veicinot augsnes mikrobiologisko
aktivitati.

Enzimati
ski
apstradati
/neapstra
dati
substrati
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Lai pielagotu enzimatisko apstradi biomasas atlikumam pirms un
péc ekstrakcijas, tiek izmantots s€jmaterials bez papildu sarmainas
hidrolizes. AtSkiriba starp paraugiem netika novérota, vienigi
visiem paraugiem reakcijas ilgums bija 30 dienas, kas ir
salidzinams ar ilgu augsnes piedevas ieguves procesu. Lai
paatrinatu enzimatiskas hidrolizes procesu un padaritu to par
efektivaku katra mezistrades atlikumu partija péc ekstrakcijas tiek
paklauta priekSapstradei ar sarmaino Skidumu, lai substrats kliist
porainaks un vieglak Skelams ar enzimiem. P&c sarmainas
hidrolizes, biomasas atlikums skalots ar destiléto tdeni, lidz
neitralas vides pH vertibai, kam sekoja sagatavota s€jmateriala un
huminskabju saturoSas frakcijas pievienosana. Reakcijas ilgums
ilgst ap 72 stundam. Sagatavoti substrati talak tiek bagatinati ar
smiltsérkSku ogu izspiedam un Si-saturoSo kompleksu.

Rezultats: substrata bagatinasSana ar smiltsérkSku ogu izspiedam.

Darbiba nr. 8. Enzimatiski apstradatas un neapstradatas biomasas
modificéSana, to bagatinot ar mikro un makro elementiem no
smiltseérkSku ogu izspiedam.

Izpilditaji: SIA EkoKompozit, Koksnes kimijas institiits, SIA
Bruwell

Projekta tiek veikta smiltserkSku ogu izspiedu, graudzales un
papardes, ka mikro- un makro elementu avotu sagatavoSana
(zavesana, sasmalcinasana) un to izmanto$ana dazadas proporcijas
enzimatiski apstradatas un neapstradatas biomasas modificéSanai,
to bagatinot ar mikro un makro elementiem.

P&c literatiiras datiem gan kvieSu stiebri gan papardes, kas aug meza
ka nezale, satur siliciju SiO; veida. Pieejamiba augiem ir salidzinosi
laba, jo veidojas amorfs silicijs vai dalgji SkistoSs. Kviesu stiebru
pelni satur apmeéram 20-25 % SiO», savukart papardes pelni I1idz pat
96% Si0:.

1. Ma, J.F. and Takahashi, E. (2002) Soil, Fertilizer, and Plant Silicon Research
in Japan. Elsevier, Amsterdam.

2. Hodson MJ, White PJ, Mead A, Broadley MR. Phylogenetic variation in the

silicon composition of plants. Ann Bot. 2005 Nov;96(6):1027-46. doi:
10.1093/a0b/mci255. Epub 2005 Sep 21. PMID: 16176944, PMCID:

PMC4247092.

Pec riipigas zaveéSanas Si saturoSie paraugi tiek paklauti
dedzinasanai, lai iegiitu ar Si bagatus pelnus. Turpmakajos
pétijumos  Si saturoSie pelni tiks apziméti ka ’’Si saturoSais
komplekss’’. Sis komplekss tiek pétits daudzuma 5, 10 un 15%
attieciba pret biomasu (gan enzimatiski apstradatu, gan
neapstradatu). SmiltsérkSku ogu izspiedas visu parskata periodu tiek

Bagatinatie
ar
smiltsérksk
u
izspiedam
un Si
substrati
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liofilizétas, lai nodroSinatu nepiecieSamu daudzumu biomasas
(substrata) bagatinasanai. Liofilizé€tas smiltsérkSku ogu izspiedas
saturgja: N: 2,1-2,4 %; P: 1,1-1,3 %; K: 1,9-2,2 %, organisko vielu
saturs: 89-94%/SM.

Enzimatiski apstradati un neapstradati substrati tiek bagatinati ar
smiltsérkSku ogu izspiedam, pievienot tas 10% apjoma uz sausu
masu. Smiltsérksku ogu izspiedas ka sastavdau koncentracija (10%)
izveleta, pamatojoties uz to mikro un makroelementu sastavu, ka art
pH. Bagatinatajiem substratiem tiek veikta pH un temperatiiras
kontrole, lai nodroSinatu piemérotus apstakus turpmakai
bagatinasanai ar Si saturoSo kompleksu. Pe&c pH un temperatiiras
stabilizacijas, tiek pievienots Si 5, 10, un 15 % koncentracija
(S1/M1=15% Si; S1/M2=10% Si; S1/M3=5% Si).

Modificgjot substratu ar smiltsérksku ogu izspiedam (10%) un Si
(15-5%), tiek iegiitas augsnes piedevas, novertgjot to ietekmi meza
reproduktiva materiala audzesSanai.

Rezultats: veikta augsnes piedevu agrokimiska raksturoSana.

Darbiba nr.9. legiito modificéto preparatu (turpmak teksta -
augsnes piedevas) agrokimiska raksturoSana.
Izpilditajs: Latvijas Valsts Koksnes kimijas institiits.

Veikta enzimatiski modificéta substrata, ka augsnes piedevu
analize.
4. tabula. legtto augsnes piedevu agrokimiska raksturoSana.

Nosakamais raditajs Rezultats (S1-S7) +
S1/M2, S1/M3

Kopgjais slapeklis dabigi mitra

1,4-1,7 (0,1
parauga masa, % ALTE0.0)

Kopgjais fosfors (P,Os) dabigi

- +
mitra parauga masa, % 0,02-0,06 (0,02)

Kopgjais kalijs (K,0O) dabigi mitra

parauga masa, % 0,04-0,06 (+0,02)

Lignina saturs, % 29,2-34,6 (+0,4)

Organisko vielu saturs sausna, % 97,2-96,7 (£0,1)

Mitrums, % 6,7-7,2% (£0,4)
Dzivsudrabs, Hg, sausa parauga <01
masa, mg/kg ’
Kadmijs, Cd a ,
admijs sausa parauga masa, | _ 0.5

mg/kg

Raksturota
s augsnes
piedevas
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Arséns, As sausa parauga masa,
mg/kg

Svins, Pb sausa parauga masa, 0.1
mg/kg ’

Vides reakcija, pH (KCI), pH vien. | 7,9-8,7

Projekta ietvaros veicot augsnes agrokimisko analizi, t.sk. nosakot
pH, konstatéjam ka augsnes ir vaji skabas. Saskana ar statistikas
datiem, skabo augSnu T1patsvars Latvija sastada 50-70% no
lauksaimnieciba izmantojamam zemém. Ir zinams, ka skaba augsné
samazinas pieejamiba fosfora, kalija, kalcija un magnija augiem, bet
palielinas toksisku elementu, pieméram mangana, Skidiba. Tapéc
méslojums ar pH 7,9-8,7 ir piemérots Latvijas augsnei.

Balstoties uz virsmas laukumu, kas bija robezas no 0.66 lidz 0.91
m? g’ un poru tilpumu 1.66 - 2.48 mm® g!, augsnes piedevam ir
meéreni poraina struktiira, kas veicina mitruma aizturi un aeraciju,
sekmgjot saknu augSanu un mikroorganismu aktivitati.

Rezultats: novértéta augsnes piedevas ietekme uz meza
reproduktiva materiala un darzkopibas stadu augSanu laboratorijas
apstaklos klimatiskaja kamera.

Darbiba nr.10. Augsnes piedevas testéSana, parbaudot to ietekmi
uz augu attistibas biodinamiku, izmantojot Rhizoscan iekartu.

Izpilditajs: Koksnes kimijas institiits

Projekta veikts augsnes piedevas ietekmes novert€§jums meza
reproduktiva materiala (priezu s€jenu) un dillu augSanu
laboratorijas apstaklos klimatiskaja kamera. Augsne darzkopibas
stadu audzesanai tieck nemta no biologiska lauka Skriveros
(agrokimiski raksturots), kur vienlaikus tiek veikti ari lauka
izm&ginajumi. Savukart priezu sgjenu audzésanai izmantota augsne
no meza “Dan¢i” (agrokimiski raksturota).  Priezu s€jenu
audz€Sanai klimatiskaja kamera tika noteikti sekojos$i reZimi:
temperatira 18-22 °C (dienas rezims), 12-16 °C (nakts rezims),
relativais mitrums 60+£2%, apgaismojums atbilstoSi diena/nakts
rezimam. Dillu audz€Sanai tiek pieméroti lidzigi klimatiskie
apstakli, ar temperattru 18-22 °C (dienas rezims), 12-16 °C (nakts
reZims), relativo mitrumu 70+2% un atbilstoSu apgaismojuma
(diena/nakts) rezimu.

Augu audz€Sanai, tiek test€tas divas augsnes piedevas devas: 20
kg/ha un 40 kg/ha. Priezu s€jini tiek audzeti 24 nedéelas, savukart
dilles — 8 nedelas. Augu attistibas biodinamika tiek analiz€ta
izmantojot Rhizoscan iekartu. legttie dati ir sistematiz€ti un

atspoguloti 6. un 7. tabula.

Augsnes
piedevu
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6. tabula. Dillu audzéSana klimatiskaja kamera

llgums | Vidgjais | Dillu Vidgjais | Dillu Vidgjais | Dillu
dillu saknu dillu saknu dillu saknu
virszem | garums, | virszem | garums, | virszem | garums,
es dalas | cm es dalas | cm es dalas | cm
garums, garums, garums,
cm cm cm
Augsnes piedeva, Augsnes piedeva
Kontrole 20 kg/ha 40 ke/ha
2 digSana | digSana | digSana | digSana | digSana | DigSana
nedglas
4 1443 8+3 1742 1242 2443 1542
nedélas
8 3444 2143 36+4 24+3 52+4 2843
nedglas

7. tabula. Priezu s€jenu audz&sana klimatiskaja kamera

llgums | Vidgjais | PS Vidgjais | Vidgjais | Vidgjais | PS
PS saknu PS PS PS saknu
virszem | garums, | virszem | saknu virszem | garums,
es dalas | cm es dalas | garums, | es dalas | cm
garums, garums, | cm garums,
cm cm cm
Kontrole Augsnes piedeva Augsnes piedeva
20 kg/ha 40 kg/ha
6 2+1 5+1 4+1 6+1 4+1 642
nedélas
12 4+1 10+1 6+2 12+1 6+1 13+1
nedglas
18 8+1 1242 8+l 172 12+1 2242
nedgélas
24 12+2 18+2 14+2 2243 18+2 3042
nedglas
l‘\.y_ o N7 E .,"
\ ‘ \
l’ _—
/,
Al
) 1
= %

7. attels. 12 ned€lu un 24 ned€lu veci priezu s€jeni (audzeti
klimatiskaja kamera)
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8.attels. Priezu s€jinu audzeSana bez/ar augsnes piedevu (40 kg/ha):
Cetri pa kreisi-kontrole; Cetri pa labi — audzeti ar augsnes piedevu.

Balstoties uz abu augu sugu augSanas apstakliem, par piemérotako
augsnes piedevas koncentraciju tika atzita 40 kg/ha.

Rezultats: novertéta augsnes piedevu toksicitate uz augsnes
mikroorganismiem.

Darbiba nr. 11. Augsnes piedevas testéSana uz augsnes
mikroorganismiem (augsnes elpoSanas testi), izmantojot Oxi-Top
iekartu.

Izpilditajs: SIA Ekokompozit.

Projekta veikta augsnes piedevu test€Sana izmantojot OxiTop
sist€ému, lai novertétu augsnes piedevas toksicitati attieciba uz
augsnes mikroorganismiem. Noteikta augsnes piedevas deva
pamatojoties uz Oxi-Top rezultatiem. Veikta iegiito datu apkope.
Augsnes piedevu (deva 20 un 40 kg/ha) iedarbiba wuz
mikroorganismu darbibu tiek mérita izmantojot OxiTop sistemu,
kas meéra skabeka paterinu, ko izraisa mikrioorganismu darbiba. Tas
lauj novertet, cik aktivi mikroorganismi elpo. Intensivaka
mikroorganismu elpoSana (augstakais O patérins) novérota S1/M3
parauga, sasniedzot ~1300-1400 mg O/L ap 20. dienu — tas norada
uz visaugstako biologisko aktivitati un labvéligu ictekmi uz augsnes
mikroorganismiem.

S1/M1, S1/M2 deva 20-40 kg/ha arT uzrada augstu mikroorganismu
aktivitati (virs 1000 mg O2/L), tas liecina par ilgtsp&jigu un stabilu
mikroorganismu darbibu.

S2/M1-S7 M1 u.c. piedevas uzrada zemaku skabekla paterinu
(~300—400 mg O2/L), kas var liecinat par vajaku mikroorganismu
aktivaciju. Augsnei bija zems organisko vielu saturs.

Mertjumi
augsnes
paraugiem

18
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legiitie emisijas dati norada, ka visas augsnes piedevas nav
toksiskas augsnes mikroorganismiem un var tikt izmantotas deva
lidz 40 kg/ha. Nemot véra gan emisijas rezultatus, gan augsnes
piedevas ietekmi uz augu augSanu laboratorijas apstaklos,
piem&rotaka deva ir 40 kg/ha, kas nodroSina augstu mikroorganismu
aktivitati.

Rezultats: augsnes paraugiem noteikts pH, organisko vielu un
smago metalu saturs.

Darbiba nr. 12. P&tamo meza un biologisko lauku augsnes
agrokimiska izpéte.

Izpilditaji: SIA EkoKompozit, Koksnes kimijas instittts, SIA
Sijati, SIA Lidums Mezs, Karlis gternbergs, Indulis Lidacis.

Projekta laika tiek veikta augsnes paraugu nemsana no dazadam
meza un biologiska lauka vietam, pavasari, vasara un rudeni.
Kopuma tiek izanalizéti 36 augsnes paraugi. Augsnes paraugiem
tiek noteikts N, P, K, organisko vielu saturs, smago metalu saturs
un pH.

Augsnes parauga nemsanai tika pielietota “aploksnes” metode. Sis
metodes pamata ir augsnes paraugu nemsana 5 vietas, centra un
Cetros stiira punktos no 300 m? zemes platibas. Paraugu nemsana
tika veikta izmantojot darzkopibas instrumentu ar notiritu asmeni,
kas nesaturgja koroziju un riisu. Talak laboratorijas apstaklos
augsnes paraugs, kas tika ievakts no pieciem punktiem, labi sajaukts
un frakcionéts izmantojot sietus, akmenu, koka gabalinu, lapu u.c.
piemaistjumu atdaliSanai. P&c piemaistjumu atdaliSanas, augsnei
veikta sasmalcinasana, kas lava iegiit smalkas frakcijas homogéno
masu. Nobeiguma, §1 biomasa tika izklata vienmériga plana karta
(0,5 cm) kvadrata forma, sadalita Cetros sektoros, divu pretgjo
sektoru saturs tiek izmests, bet pargjie divi savienoti kopa un atkal
sajaukti. Smago metalu — kadmija (Cd), vara (Cu), svina (Pb),
cinka (Zn) — koncentracijas noteikSanai sausna paraugus sagatavo
atbilstosi standarta LVS ISO 11466:1995 “Augsnes kvalitate —
Karaltident SkistoSo elementu mineralizacija” minétajam metodém
un test€ atbilstoSi standarta LVS ISO 11047:2003 “Augsnes
kvalitate — Kadmija, hroma, kobalta, vara, svina, mangana, nikela
un cinka satura noteikSana augsné, ekstrahgot ar karaltideni
(slapeklskabes maisijums ar salsskabi attieciba 1:3).

Dzivsudraba (Hg) koncentracijas noteikSanai paraugus sagatavo un
teste atbilstosi standarta LVS 346:2005 “Augsnes kvalitate —
Dzivsudraba noteikSana ar auksta tvaika atomabsorbcijas
spektrofotometriju” min€tajam metodém,;

Arséna (As) koncentracijas noteikSanai izmanto paraugu
sagatavoSanas un test€Sanas metodes, kuras lietojot mazaka
kvantitativi nosakama koncentracija ir 1,0 mg/kg.

Augsnes
paraugi
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8. tabula. Augsnes paraugu agrokimiskais raksturojums.

Param | Augsne Augsne | Augsne | Augsne | Augsne | Augsne

etrs nr.1 nr. 2 nr. 3 nr. 4 nr. 5 nr.6

Zn, 38,4435 |21,243,5 |12,6+1,1 |17,2+1,5 |14,4+1,3 |10,6+1,1

mg/kg [182+24 [11,4£2,2 [10,2+1,6 |15,4+1,8 |12,2+1,2 [10,1£1,4
16,843,2 | 14,1£3,9 | 11,1£2,1 |16,3+£2,7 |13,1£1,7 |11,7£2,2
13,742,8 | 18,6+1,7 [10,5+1,2 |14,1+1,1 |14,5+1,9 |9,6+0,8
14,242,1 |16,4+2,1 |12,4+1,5 |15,2+2,3 |13,4+1,1 |10,6+1,0
16,3+£2,6 |16,8+1,9 |11,8+1,3 |13,9+1,8 |14,8+1,2 |10,4£1,9

Cu, 12,1£1,1 |4,56* 3,77* 10,1* <3,75 <4,6

mg/kg [11,4+1,2 |3,7£1,2 |[3,4+1,1 |10,4+1,2 (4,1£6,2 |4,7£1,2
10,6£1,4 |3,6+£1,4 |3,1+£1,9 |13,1£2,9 |4,2+1,2 |5,6+1,2
12,241,2  |3,2+1,5 |3,0+1,2 |12,3+1,4 |<3,75 5,1+1,1
12,9422 |3,9+1,1 |4,2+1,2 |9,7+1,1 |<3,75 5,9+1,6
12,6+1,7 |4,6£1,3 |3,91,1 |11,4+1,2 |3,9¢1,1 |4,9+12

Cd, <0,6 (visiem paraugiem)

mg/kg

Pb, <8,2 (visiem paraugiem)

mg/kg

As, 4,2+1,1 2,3+1,1 | 1,51* 1,48* 1,42* <1,50*

mg/kg | 3,8+1,2 2,1+1,2 | 1,54+0, | 1,4+0,1 | 1,4+0,3 | 1,1+0,2
3,1+1,1 2,1£1,2 | 2 1,6+0,2 | 1,2+0,3 | 1,6+0,2
3,4+1,2 2,4+1,3 | 3,1x1,1 | 2,4+1,6 | 1,7+0,6 | 1,5+0,3
32+1.4 2,1+1,1 | 34+1,2 | 1,8+1,2 | 1,5+£0,2 | 1,7+0,3
4,1+1,2 2,4+1,4 | 32404 | 1,3+1,1 | 1,6+£0,4 | 1,4+0,2

4,1+1,2
Hg, <0,2 (visiem paraugiem)
mg/kg

Rezultats atrodas intervala starp metodes noteikSanas robezu
(MDL) un mazako kvantitativi nosakamo koncentraciju (LQ).
Organisko vielu saturs noteikts atbilstoSi standartam LVS EN
13039:2012, kopgjais slapeklis atbilstosi standartam LVS EN
13654-1:2003 /NAC:2004, fosfors atbilstoSi standartam LVS
398:2002. Kopgjais kalija saturs bija noteikts atbilstosi standartam
LVS ISO 11466:1995 LVS ISO 9964-3:2000.

9. tabula Augsnes paraugu agrokimiskais raksturojums
(turpinajums)
Parame | Augsne Augsne | Augsne | Augsne | Augsne | Augsne
trs nr.1 nr. 2 nr. 3 nr. 4 nr. 5 nr.6
Organi | No No No No No No
sko 18,2+£1,6 | 2,7+0,1 8,6+£0,4 | 4,0£0,2 | 4,6£0,2 | 4,9+0,5
vielu lidz lidz lidz lidz lidz lidz
saturs, | 3,4£1,2 4,240,8 11,6£1,7 | 8,9£1,5 | 7,4£0,4 | 8,010,
% 6
Kopgjai [No No No No No No
sN, % [0,04+0,01 |0,08+0.02 |0,04+0,01 | 0,12+0,01 [0,06+0,0 |0,08+0,0
lidz lidz lidz lidz 1 lidz |1 lidz
0,63+0,07 |0,12+0,01 |0,30+0,03 | 0,21+0,06 |0,11+0,0 |0,14+0,0
4 4
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Kopgjai |No 0,05 No No No No No
sP,% |+0,01 Iidz |0,08+0,01 |0,06+0,01 |0,08+0,01 |0,04+0,0 | 0,05+0,0
0,06 0,01 |lidz lidz lidz 1 lidz |1 lidz
0,12+0,01 [0,07+0,01 |0,09+0,01 | 0,06=0,0 | 0,08+0,0
1 1
Kopéjai |No No No No No No
sK, % 0,03£0,01 |0,08+0,01 |0,02+0,01 |0,08+0,01 | 0,06+0,0 | 0,04+0,0
lidz lidz lidz lidz 1 lidz| 1 lidz
0,247+0,00 | 0,14+0,01 {0,06+0,01 |0,13+0,01 |0,10+0,0 |0,09+0,0
22 1 1
pH No No No No No No
42402 | 5502 | 4,7+02 |5,8£0,2 | 4,602 | 5,2+0,3
lidz lidz lidz lidz lidz lidz
4,8+0,3 5,8+40,1 5,9+0,4 | 6,0+0,2 | 6,3+0,3 | 6,1£0,2

Savstarp€ji salidzinot augsnes agrokimiskus raditajus, meza
augsnés ir konstatéts augstaks organisko vielu saturs neka
lauksaimniecibas augsné. Augsnes pH raditaji ir tuvu vaji skabai
reakcijai, kas nozimé, ka augsnes piedevas ar pH 8 var palidzet
samazinat skabumu, tadejadi uzlabojot baribas vielu pieejamibu
augiem. Smago metalu saturs visos paraugos neparsniedza
pieaujamas koncentracijas.

Rezultats: novértéta dazadu augsnes piedevu devu efektivitates
ietekme uz razu un kviesu kvalitates raditajiem, ka arT pielagots
piedevas iestrades panémiens.

Darbiba nr.13. Augsnes piedevas efektivitates noteikSana
kartupelu un vasaras kviesu s€jumos biologiskaja lauksaimnieciba
(lauka izm&ginajumi).

Izpilditajs: Latvijas Biozinatnu un tehnologiju universitate
Zembkopibas zinatniskais institlts

Lauka izmé&ginajuma audzéta ziemas kvieSu Skirne ‘Edvins’
izveidota AREI Stendes pé&tniecibas centra, registréta 2014. gada un
vasaras kviesu Skirne ‘Robijs’. ‘Edvins’ Skirne ir agrina, raksturojas
ar loti labi ziemcietibu, labi cero, vidgji veldres izturiga (5-7 balles).
Skirnes  piemérotas audzéSanai gan  biologiskaja, gan
konvencionalaja lauksaimniecibas sistéma. Pielagojot augsnes
piedevas iestrades panémienu augsné, vispiemé&rotakais bija tads,
kad augsnes piedeva (40 kg/ha) tiek pievienota kviesu seklam un
visa masa tika izséta lauka.

Biologiskas lauksaimniecibas sistéma kultiraugu razas parasti ir
zemakas neka konvencionalas lauksaimniecibas apstaklos. 2024.

gada meteorologiskajos apstaklos ziemas kvieSu raza bija vidgja:

2.97-3.21 t ha'! un vasaras kvie$u raza: 2,82 -3,43 tha'. Séklas

Augsnes
piedevas
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materiala apstrade ar augsnes piedevu (S1/M1, S1/M2, S1/M3)
palielinaja graudu razu, tomer statistiski nozimigs razas picaugums
(p<0.001) salidzinajuma ar kontroli novérots tikai varianta S1/M1.

10. tabula. Augsnes piedevu ietekme kvieSu audzeSana.

L Ziemas kvieSu Vasaras kvie$u
Varianti . 1 y -1
graudu raza, t ha graudu raza, t ha
Kontrole 2.97" 2.82°
S1/M1 (+15 % Si) 3210 3.432
S1/M2 (+10 % Si) 3.09" 3.24%
S1/M3 (+5 % Si) 3.010 3.21%

" _ statistiski biitiskas at$kiribas nav konstatgtas (p>0.05)

Kviesu kvalitates raditaju dati tiek paraditi Darbiba Nr. 14.

Rezultats: noteikti ziemas un vasaras kviesu kvalitates raditaji
(produktivo stiebru skaits, vienas varpas svars, graudu skaits viena
varpa, 1000 graudu masa, kopproteina saturs, lipekla un cietes
saturs, Zeleny indekss, tilpummasa). Novertétas sezonalas
izmainas kviesu analizg. Sagatavots raksts, iekaujot iegtitos datus.

Darbiba nr.14. Kviesu razas kvalitates raditaju noteikSana
(produktivo stiebru skaits, vienas varpas svars, graudu skaits viena
varpa, 1000 graudu masa, kopproteina saturs, lipekla un cietes
saturs, Zeleny indekss, tilpummasa).

Izpilditajs: Latvijas Biozinatnu un tehnologiju universitate,
Zemkopibas zinatniskais institts.

Produktivo stiebru skaitu ziemas un vasaras kviesu izm&ginajumos
noteica pirms ziemas un vasaras kvieSu novakSanas kvieSu
dzeltengatavibas faze. Uzskaiti veica katra laucina divas vietas 0.1
m? platiba saskaitot produktivus stiebrus. Produktivie stiebri ir
stiebri, kam varpas ir vismaz viens grauds, tiem ir dobs vidus.
Graudu skaitu varpa noteica, paraugkiila kop&jo graudu skaitu,
izdalot ar produktivo stiebru skaitu. 1000 graudu masu noteica
atbilstosi LVS EN ISO 520:2011 “Graudaugi un paksSaugi”.
Raditaju noteica, izmantojot s€klu skaititaju  “Pfeuffer
CONTADOR” un elektroniskos svarus ar precizitati 0.01 g.
Analizgjot graudu rupjumu jeb 1000 graudu masu (11. tabula),
biitiskas atSkiribas starp variantiem netika konstatetas.

11. tabula. Augsnes piedevas ietekme uz kviesu raditajiem.

Augsnes
piedevas
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Varianti | Produktivo Graudu 1000 Viena
stiebru skaits graudu varpa svars,
skaits, gab. | varpa, gab. | masa, g g
m2
Ziemas kviesi
Kontrole 308.8 28.8 335 0.52
S1/M1 32210 29.8" 33.6"
0.54
(15% Si)
SI/MZ. 317.0 293 334 0.56
(10% Si)
S1/M3 (5
309.9" 28.8" 33.7" 0.52
% Si)
Vasaras kviesi
Kontrole 338.9° 26.8% 311" 0.51
Sl/Ml. 433.8* 25.3° 314" 0.53
(15% Si)
S1/M2
. 396.1% 2633 31.2" 0.52
(10% Si)
S1/M3 (5
367.8% 27.5° 31.7" 0.51
% Si)
ab _ statistiski butiskas atSkiribas starp seklu apstrades variantiem
(p<0.05)
12. tabula. Augsnes piedevas ietekme uz vasaras kvieSu raditajiem
(turpingjums)
Varianti | Koproteinu | Lipekla | Cietes | Zeleny | Tilpumsvars,
saturs. % saturs,% | saturs | indekss, | gL!
, % mL
Kontrole 13,5 25.7 65,9 51,86 726,6
S1/M1
(15% 12,4 23,1 67,0 43,11 729,0
Si)
S1/M2
(10% 13,0 24,7 66,7 47,38 724,7
Si)
S1/M3
. 13,5 25,8 65,6 52,11 717,8
(5 % Si)

Analizgjot kopproteina saturu, lipekla, cietes saturu, Zeleny indekss un

tilpumsvaru, biitiskas atSkiribas starp variantiem netika konstatetas.

Rezultats: veikta kartupelu stadisana biologiskaja lauka un
novertéta augsnes piedevas ietekme uz kartupelu razu, cietes saturu,

Augsnes
piedevas
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precu produkcijas iznakumu. Dati sagatavoti publicitatei un
iesniegts zinatniskais raksts.

Darbiba Nr. 15. Kartupelu raZas novertéjums (razas starpiba starp
variantiem, cietes saturs %, precu produkcijas iznakums, bumbulu
sadalijums pa frakcijam, viena bumbula svars).

Izpilditajs: Latvijas Biozinatnu un tehnologiju universitate
Zemkopibas zinatniskais institits.

Lauka izmgginajuma audzgeta kartupelu skirne ‘Monta’ selekcionéta
Agroresursu un ekonomikas institiita Priekulu pétniecibas centra
2003. gada. Kop&ja kartupelu raza vari&ja no 13.93-20.01 t ha™! un
raksturojama ka vid€ja, preCu produkcijas iznakums bija 84.9-
88.5%. Seklas materiala apstrade ar S1/M1 butiski palielinajusi gan
koprazu, gan precu produkcijas iznakumu.

Augstaka pre¢u bumbula masa, iegiita variantd S1/M1 —76.8 g (12.

tabula).
12. tabula. Augsnes piedevu ietekme kartupelu audzesana.
Precu Precu |Precu <35mm |35 - 55| >55
produkc |produkc | bumbul |(sikie un|mm mm
Variant Kopraz iia t ha_] ija, % |a svars, |nestandar | (s€klas |(parti
s a_al g ta kartupel |kas
t ha kartupeli |1), % kartup
), % eli),
%
Kontr | b b
ole 3.93° | 11.83 84.9 73.5 2.10 10.24 | 1.59
S1/Ml1
(15% | 20.01* | 17.20* | 86.0 76.8 2.81 13.60 | 3.60
Si)
S1/M2
(10% 16.98% | 14.71% | 86.6 73.9 2.27 11.99 2.72
Si)
S1/M3
(5 % | 17.57% | 15.55® | 88.5 72.4 2.03 12.52 | 3.02
Si)

b _ statistiski biitiskas atSkiribas starp séklu apstrades variantiem (p<0.05).

Veikta datu analize zinatniska raksta un zinatibas sagatavosanai.

Projekta pirmaja pus€ nebija iesp&ams iestadit kartupelus, jo
projekts sakas julija. Tomér lai biitu vairak informacijas par augsnes
piedevu ietekmi darzenu audzeSana, lauku eksperimenti bija veikti
redisu audzesana un dillu audz&sana.
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9. att€ls. Redisu audz&sanabilogiskaja lauka.

14. tabula. Augsnes piedevas ietekme redisu audz&sana.

Kopéia Standartraza
Variants raig ! Standartraz | % no Vidgjais
K r;l‘z a, kg m? kopgjas svars, g
& razas
Kontrole—
bez seklu | 1.99° 1.62° 81 10.6?
apstrades
(8115/}’\/:,1180 2.67° 2.25° 84 13.4°
(Sll(ﬁ\/fZSi) 2.27%b 1.83%0 81 13.1°
o
Sil)/NB (5% 2.27%0 1.9120 85 12.3%0

b _ statistiski biitiskas atSkiribas starp séklu apstrades variantiem (p<0.05.

Seklu apstrade ar augsne piedevu palielinaja redisu kop€jo razu,
tacu butiskais pieaugums bija izmantojot augsnes piedevu ar 15 %
Si. Seklu apstrade palielinaja arT standartrazas (t.i redisi bez
plaisam, tukSumiem un kukainu bojajumiem) iznakumu no kopgjas
razas.

Pirms npvaksanas, 03.10.2023
10. attels Dillu audzesana

Dilles, 07.09.2023
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15. tabula. Augsnes piedevas ietekme dillu audzéSana

e _ Lapu virsma no
) Kopéja zalas masas .
Variants 5 2 kopéjas auga masas,
raza, kg m o
(1]
Kontrole—bez seklu 0.93 863
apstrades ] .
S1/M1 (15 % Sl) 1.328 88.2
S1/M2 (10% Si) 0.96 87.2
S1/M3 (5% Si) 0.90 86.4

ab _ gtatistiski butiskas atSkiribas starp seklu apstrades variantiem
(p<0.05)

Seklu apstrade ar augsnes piedevu biitiski paaugstindja ne tikai
dilles kopgjo zalas masas razu, lapu virsmas kop€jo masu, ka ari
kopgjo polifenolu, t.sk. flavonoidu saturu biomasa. Polifenolu
saturs dillu ekstrakta pieauga no 60,12 lidz 65,03 mgGAS/SM.
Flavonoidu saturs ekstrakta pieauga no 42,7 lidz 46,8 mg RU/SM.

Rezultats: noteikta augsnes piedevas efektivitate dazadas devas
smiltsérkSku spraudenu apsaknoSani un stadu audzeSanai. Apkopoti
dati, sagatavota zinatiba.

Aktivitate Nr. 16. Augsnes piedevas efektivitates noteikSana
smiltsérkSku spraudenu apsaknoS$ana un stadu audzeéSana (lauka
izméginajumi); spraudenu apsaknoSanas dinamikas novérté$ana,
izmantojot RhizoScan iekartu.

Izpilditajs: LV Koksnes kimijas institiits, SIA BRUwell

Projekta laika tiek test€tas augsnes piedevas (S1/M1; S1/M2 un
S1/M3) smiltsérksku spraudenu audz&sanai (apsaknosSanai) ar devu
20 kg/ha un 40 kg/ha. Visi SME stadini tiek analiz&ti gan mérot ar
lineali, gan izmantojot Rhizoscan iekartu. legiitie dati tiek
atspoguloti 16. tabula.

SNy

11. attéls. Lauku izm&ginajumi (SME) audzésana

Augsnes
paraugi 2
devas
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12. attels. SME divgadigo stadu sagatavosana test€Sanai

Veikti paraugu mérfjjumi un savstarpgji salidzinati.

sagatavoti zinatniskajam parskatam.

16. tabula. SME meérijumi sakném un virszemes dalai

Augsanas Paraugi Saknu garums, | Virszemes dalas
periods cm garums, cm
01.03.24- Kontrole 3248 34+6
31.05.24
01.03.24- S1/M1 ar 15% | 3445 36+9
31.05.24 Si; deva 40

kg/ha
01.03.24- S1/M1 ar 15% | 34+6 3443
31.05.24 Si; deva 20

kg/ha
01.06.24- Kontrole 52+11 42+13
31.08.24
01.06.24- S1/M1 ar 15% | 55+14 44+12
31.08.24 Si; deva 40

kg/ha
01.09.24- Kontrole 72+11 46+11
30.11.24
01.09.24- S1/M1 ar 15% | 7949 47£16
30.11.24 Si; deva 40

kg/ha
01.01.25- Kontrole 82+15 65+12
31.03.25
01.01.25- S1/M1 ar 15% | 81«13 64+16
31.03.25 Si; deva 40

kg/ha
01.04.25- Kontrole 94+12 83=+11
30.06.25
01.04.25- S1/M1 ar 15% | 96+18 81+16
30.06.25 Si; deva 40

kg/ha
01.04.25- S1/M1 ar 15% | 96+12 8349
30.06.25 Si; deva 20

kg/ha
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Datu lielas izkliedes dél, augsnes piedevas efektivitate smiltserksku
audze$ana nebija statistiski nozimiga.

Rezultats: veikti augsnes piedevu efektivitates petljumi priezu
s€klu digsanai optimalos apstaklos klimatiskaja kamera.

Darbiba nr. 17.- Augsnes piedevas efektivitates noteikSana
sertific€to priezu s€klu digSanas intensitates uzlabosana.

Izpilditajs: Latvijas Valsts Koksnes kimijas institits.

P&tijumos tiek izmantotas visas augsnes piedevas 40 kg/ha, veicot
sertificeto priezu s€klu digsanas eksperimentus klimatiskaja kamera
pie sekojoSiem rezimiem: temperatiira 18-22 °C (dienas reZims),
12-16 °C (nakts rezims), relativais mitrums 60+£2%, apgaismojums
atbilstoSi  diena/nakts rezimam. Biitiska augsnes piedevu
efektivitate seklu digSana netika noverota.

13. att€ls. Priezu s€klu digSanas petijumi: seklu meércésana 5 dienas
(A), 4 dienu seklu digSana augsné (B), 20 diena priezu digsti bez
piedevas (C), priezu digsti ar piedevu (D).

Augsnes
piedevas

Rezultats: veikts augsnes piedevas novertéjums sertificéto priezu
s€jenu audzeSana substrata podinos, laboratorijas apstaklos,
klimatiskaja kamera. Pielagoti augSanas apstakli, parbauditas divas
augsnes piedevas devas, ka substratu izmantojot agrokimiski
raksturotu augsni. turpinata priezu s€jinu audzesana.

Darbiba nr. 18. Augsnes piedevas efektivitates noteikSana
sertificéto priezu s€jinu audz@Sana substrata podinos; Sgjinu
augSanas dinamikas noveértéSana, izmantojot RhizoScan iekartu.

Izpilditaji: Latvijas Valsts Koksnes kimijas instittits, SIA Sijati,
privatpersona Indulis Lidacis.

Veicot sertificéto priezu s&jinu audzéSanu klimatiskaja kamera, tiek
izmantoti:

PS
audzéSanas
veidi
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1) legadatie sertificétie prieZu s&jini;

2) Augsnes piedeva S1/M1 deva 20 kg/ha

3) Augsnes piedeva S1/M1 deva 40 kg/ha.

4) Pielagotie priezu s€jinu augsanas apstakli: temperatira 18-
22 °C (dienas rezims), 12-16 °C (nakts rezims), relativais
mitrums 60+2%, apgaismojums atbilsto§i diena/nakts
reZimam.

17. tabula. Priezu s€jenu audzesana klimatiskaja kamera.

llgums | Vidgjais |PS saknu|Vidgjais |Vidgjais | Vidgjais |PS saknu
PS garums, |PS PS saknu | PS garums,
virszeme | cm virszeme | garums, |virszeme |cm
s dalas s dalas|cm s dalas
garums, garums, garums,
cm cm cm
Augsnes piedeva | Augsnes piedeva
Kontrole 20 kg/ha 40 kg/ha
3 11£2 164 14+2 1744 18+2 30+2
menesi
6 2343 28+5 2644 2943 28+3 3443
meénesi
9 26+4 30+6 2842 314 34+4 37+6
menesi
12 3543 3242 37+4 39+2 4246 48+3
meénesi
18 4244 3612 46+3 48+7 5145 52+4
meénesi

15. attels.  SertificEto priezu s€jinu audz€Sana lauka (ziema
apsildama siltumnica).
18. tabula. Priezu s€jenu audz&Sana siltumnica

Vidgjai Vidgjai Vidgjai Vidgjai
s PS PS s PS PS s PS PS
virszem | saknu | virszem > virszem | saknu
saknu
es dalas | garums | es dalas ’ es dalas | garum
Ilgums garums
garums | ,cm | garums o | 8Aums | s, om
, cm , cm ’ , cm
Augsnes piedeva | Augsnes piedeva
Kontrol
ontrote 20 kg/ha 40 kg/ha
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Sakum
2 1142 | 1443 | 1122 | 1443 | 1142 | 1443
parame
tri
6
meénesi
12
meénesi
18
meénesi

1243 1845 164 1944 18+3 21+4

1843 22+4 27+4 2945 3245 38+6

31+4 3345 34+4 35+7 41+£2 43+3

Savstarpgji salidzinot priezu s€jenu augSanas dinamiku klimatiskaja
kamera un siltumnica, labakus rezultatus paradija s€jenu audz€sana
klimatiskaja kaméra pie optimaliem rezimiem augsnes piedevas
klatbutne.

Izaudzétie 200 priezu s&jini tiek parstaditi meza 120 m? platiba.

16. attéls. Parstaditie priezu sg€jini meza, bez papildus augsnes
piedevas.

Rezultats: izverte€ta augsnes piedevu ietekme priezu s€jenu
audzéSana.  Veikta s€jinu augSanas dinamikas novértéSana,
izmantojot RhizoScan iekartu.

Darbiba nr.19 Augsnes piedevas efektivitates noteikSana
sertificeto priezu s€jinu audzéSana meza, sagatavota augsne; S€jinu
augSanas dinamikas noveértéSana, izmantojot RhizoScan iekartu.

Izpilditaji: Latvijas Valsts Koksnes kimijas institiits, SIA Lidums
mezs, privatpersona Karlis Sternbergs.

Augsnes piedeva S1/M1 ar 15%Si koncentraciju tika testeta deva 40
kg/ha, izmantojot viengadigus sertificétus priezu s€jenus (kopa 600
s€jeni) stadiSana partneriem piederosajos meza nogabalos.

lestaditi
priezu
s€jeni

600
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e p . VS
nas process izmantojot augsnes

17. attels. Priezu s€jenu stadiSa
piedevu.

Augsnes piedevas efektivitates noverté€Sanai priezu s€jenu
audzeSana katru treSo ménesi no katras meza plantacijas tika nejausi
atlasiti 30 s€jeni. Saknu sist€mas morfologiska analize veikta,
izmantojot RhizoScan iekartu, kas lauj precizi noteikt saknu
garumu, laukumu un sazarojumu skaitu (18. attéls). Vienlaikus
s€jeniem tika merits arl virszemes dalas garums, izmantojot
standarta mériSanas metodi ar mérlenti. legiitie dati tiek izmantoti,
lai izvertetu augsnes piedevas ietekmi uz s€jenu attistibas dinamiku.

18. attéls. Priezu sgenu saknu analize izmantojot RhizoScan
iekartu.

legiitie priezu s€jenu vidgjie raditaji tiek atspoguoti tabula.
Eksperimenta sakuma abiem variantiem tiek izmantoti priezu s€jeni
ar virszemes dalas garumu 1244 cm, saknu garumu 15+3 un saknu
laukumu 63+4 cm? P&c 3 méneSiem, janvari nebija iesp&jams
izmerit saknu garumu, tomér virszemes dalas pieaugums bija
noverojams kontrol€ 14+4 cm, bet ar piedevu 16+£5 cm, kas liecina
par agrinu pozitivu ietekmi uz virszemes dalas attistibu. No 6
meénesa sak izpausties izteiktakas atSkiribas starp variantiem. Ar
augsnes piedevu apstradatajiem s€eniem: saknu garums
palielinajas 11dz 29+5 cm, salidzinot ar 26+4 cm kontrol€. Saknu
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laukums sasniedz 164+29 cm?, kas gan bija zemaks neka kontrolg
182426 cm?, bet vélakajos merfjumos §1 tendence mainijas. No 9
meéneSa un 1pasi 12 un 18 meénest redzama butiska atSkiriba starp
apstradato un neapstradato variantu: 12 meénesi saknu garums ar
piedevu sasniedza 52+7 cm, kontrol€ tikai 3643 cm. 18 meénesi
saknu laukums ar piedevu bija 558+31 cm2, kontrolg 433+20 cm?,
kas ir par 29 lielaks pieaugums ar piedevu. Arl virszemes dalas
garums 18. meénesi bija lielaks piedevas varianta 43+6 cm,
salidzinot ar 3446 kontrolg.

19. tabula. Priezu s€jenu analize (SIA Lidums meZs)

Ilgums | PS Saknu | Sakpu | PS Saknu | Saknu
virsze | garums | laukum | virsze | garums | laikums
mes , cm s, cm? mes , cm? , cm?
dalas dalas
garums garums
, cm , cm

Kontrole Augsnes piedeva, S1/M1,
40 kg/ha

Sakum

e 12+4 1543 63+4 1244 1543 63+4

parame

tri

3 - - - -

ménesi | 14+4 165

6 2243 2644 182426 | 2445 29+5 164+29

meénesi

9 26+3 29+6 218424 | 3243 3344 227421

menesi

12 3244 3643 237+19 | 3943 5247 326432

meénesi

15 33+8 - - 4143 - -

menesi

18 34+6 3547 433420 | 43+6 61+5 558+31

menesi

Lidziga tendence tiek novérota ar1 priezu s€jenu audzeSana Karla
Sternberga piedero$a meza. Rezultati tick redzami 20 tabula.

20.tabula. Priezu s&jinu analize (Karlis Sternbergs)
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llgums | PS Saknu | Saknu | PS Saknu | Saknu
virsze | garums | laukum | virsze | garums | laikums
mes , cm s, cm? mes , cm? , cm?
dalas dalas
garums garums
, cm , cm
Kontrole Augsnes piedeva, SI/M1,
40 kg/ha
Sakum
: 1342|142 | 5843 | 132 | 142 | 5843
parame
tri
3 - - - -
menesi 14+3 15+3
6 19+4 2143 144+12 | 2244 2613 15123
meénesi
9 2243 2444 198+£26 | 2544 28+5 217421
meénesi
12 264 29+5 21621 | 3243 45+6 245426
menesi
15 3142 - - 34+3 - -
meénesi
18 33+4 3543 237422 | 40+£3 47+4 332+18
meénesi

Sie rezultati parada, ka augsnes piedeva 40 kg/ha deva pozitivi
ietekm@ priezu s€jenu attisttbu meza. Salidzinajuma ar kontroli,
s€jeni ar piedevu uzrada lielaku saknu garumu un laukumu, 1pasi no
9 lidz 18. ménesim un nozimigu virszemes dalas pieaugumu, kas
norada uz uzlabotu aug$anas dinamiku. Sie rezultati apliecina, ka
izveleta augsnes piedeva un izveléta deva veicina labaku saknu
sisteémas attistibu un vispargju auga vitalitati, kas ir butiski priezu
s€jenu kvalitativai audzeSanai. Piedeva var tikt rekomendéta ka
efektivs lidzeklis priezu s€jenu audzesanai.

Rezultats: vertéta augsnes piedevas (M1) ietekme nonikuSam
prieditem.

Darbiba nr. 20.- Augsnes piedevas efektivitates novertéSana uz
nonikuSiem meza augoSiem priezu stadiniem.

Izpilditajs: privatpersona Karlis Sternbergs.

Augsnes piedeva deva 40-60 kg/ha neuzradija pozitivo efektivitati
nonikusam priedit€ém. Priezu s€jeni saglabajas briina krasa, liecinot
par iesp§jamu dzinumu bojajumu vai augSanas partraukumu.
Neskatoties uz augsnes piedevas pielietoSanu, netika noverotas
atveseloSanas pazimes vai jaunu dzinumu veidoSanas. Tas norada,

Augsnes
piedevas
S1/M1
devas
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ka piedevas efektivitate var biit ierobezota gadijumos, kad augi jau
ir stipri novajinati vai bojati. Tade] butiski ir nodrosinat piemérotus
augSanas apstakus jau s€jenu attistibas sakumposma.

Rezultats: veikts polifenola kompleksa un procianidinu maisjjuma
efektivitates novertejums priezu s€jenu aizsardziba augsSanas laika.

Darbiba nr. 21. Polifenolu kompleksa un proantocianidinu
teste€Sana  priezu  s€jinu  aizsardzZiba no  patog€niem
mikroorganismiem un kaitekliem s€jinu augSanas laika (vizuali);
Paraugu koncentracija tiks izv€leta, pamatojoties uz antimikrobialas
aktivitates testu rezultatiem.

Izpilditajs: privatpersona Karlis Sternbergs, SIA Lidums meZs.

Tika veikts polifenola kompleksa un procianidinu maisijuma
efektivitates novertejums priezu s€jenu aizsardziba augSanas laika.
Petjuma izmantota preparata koncentracija (2%) noteikta,
pamatojoties uz ieprieks veiktiem fungicidas aktivitates testiem in
vitro, kuros tika konstat€ta minimala fungicida aktivitate pret B.
cinerea, Heterobasidion spp., un Mycosphaerella spp. Priezu s€jeni
tika apsmidzinati reizi ménesi, sakot no vegetacijas perioda sakuma.
Vizuali tika noverots s€jenu veselibas stavoklis, TpaSu uzmanibu
pievérsot slimibas pazimém vai kaiteklu bojajumiem. Tomér
parbaudes perioda netika konstatétas atSkiribas starp apstradatajiem
un kontroles augiem — visas s€jenu grupas saglabajas veseligas un
bez redzamam infekcijas vai kaiteklu pazimém. Lidz ar to
efektivitates novérojums $aja posma nebija iesp&jams. Sie rezultati
norada, ka turpmakajos testos biitu lietderigi veikt izmgginajumus
apstaklos ar paaugstinatu infekcijas fonu vai maksligi inficét augus,
lai pilnvertigi novertetu preparatu aizsargajoso efektu.

Augu
aizsardzib
as
lidzeklis

Rezultats: notestets augu aizsardzibas lidzeklis kviesu aizsardziba
no patog€niem mikroorganismiem un kait€kliem to augSanas laika.

Darbiba nr. 22. Polifenolu kompleksa un proantocianidinu
testeéSana kviesu aizsardziba no patogéniem mikroorganismiem un
kaitekliem to augSanas laika (vizuali); Paraugu koncentracija tiks
izvéleta, pamatojoties uz antimikrobialas aktivitates testu
rezultatiem.

Izpilditajs: LBTU, Zemkopibas institiits

Veikta lapu slimibu uzskaite vasaras kviesu lauka izméginajuma, lai
testeétu PAC kompleksa efektivitati vasaras kvieSu aizsardziba no
patogéniem mikroorganismiem un kaitekliem to augSanas laika.
Tiek iekartots divfaktoru izméginajums, kas lauj pétit Preparata
efektivitati dazadas kombinacijas ar séklu apstrades preparatiem

augu
aizsardziba
s lidzeklis
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(S1/M1, S1/M2 un S1/M3). Preparats tiek izsmidzinats vasaras
kviesu karoglapas paradiSanas Iidz attistitas karoglapas faze (37.—
39. AE) 15.06.2024.

Izm&ginajuma verteta inficESanos ar lapu slimibam: kviesu lapu
dzeltenplankumainibu (ieros. Pyrenophora tritici-repentis), brino
rasu (ieros. Puccinia recondita) un graudzalu miltrasu (ieros.
Blumeria graminis). Lapu slimibu attistiba vertéta dabigas
infekcijas fona piecas reizes vegetacijas laika, vizuali nosakot
slimibas attistibas pakapi visa izméginajumu laucina katra
atkartojuma. Slimibas attistibas pakape parada slimibu bojato lapas
virsmu procentos no kopgjas lapas virsmas, kur: 0% — nav redzamu
slimibas simptomu; 1% — slimibu izraisitie bojajumi sasniedz 1%
no kopgjas lapas virsmas; 5% — slimibu izraisitie bojajumi sasniedz
5% no kopgjas lapas virsmas; 10% — slimibu izraisitie bojajumi
sasniedz 10% no kopgjas lapas virsmas; 25% — slimibu izraisitie
bojajumi sasniedz 25% no kopgjas lapas virsmas; 50% — slimibu
izraisitie bojajumi sasniedz 50% no kopgjas lapas virsmas; 75%—
slimibu izraisitie bojajumi sasniedz 75% no kop€jas lapas virsmas;
100% — lapa ir atmirusi.

Lapu slimibas uzskaita 1. [idz 2. mezgla attistibas faze (31.-32. AE),
karoglapas paradiSanas lidz attistitas karoglapas faze (37.-39. AE),
zied€Sanas fazes vidi (63.—65. AE), piengatavibas fazes sakuma
(71.=73. AE) un piengatavibas fazes vidi (75.— 77. AE). Pirmaja
uzskaites reiz€ verte 50 augus laucina. Talakas uzskaites verte 50
lapas no katra laucina, proporcionali nemot karoglapas, pirmas un
otras lapas.

Meteorologiskie apstakli vegetacijas perioda nebija labveligi
vasaras kvieSu augSanai un attistibai. Vasaras kvieSu s€jas laika
(02.05.2024.) augsnes apstakli seéklu digsanai bija labi, tacu maija
sakas sausuma perioda, kurs ilga [idz augusta vidum. Vienigi junija
I. dekad€ nokrisnu daudzums sasniedza normu (96% no normas).
Sausais un karstais laiks paatrinaja vasaras kvieSu nogatavoSanos un
kviesus nokila jau 5. augusta. Par sausuma stresu liecina art kviesu
1sais augums (50-55 cm).

Kviesu lapu slimibas attistibai labvéligos apstaklos rada
ieveérojamus razas zudumus un samazina graudu kvalitati. Lapu
slimibu attistibu butiski ietekm& meteorologiskie apstakli ka gaisa
vidéja temperatira un nokrisnu  daudzums. ST gada
meteorologiskajos apstaklos vasaras kvieSos novéroja kviesu lapu
dzeltenplankumainibu (ieros. Pyrenophora tritici-repentis), brino
rusu (ieros. Puccinia recondita) un graudzalu miltrasu (ieros.
Blumeria graminis).

Kviesu lapu dzeltenplankumainiba péd€jos gados ir Latvija
domingjosa kviesu lapu slimiba (Bankina et al., 2022). Galvenais
infekcijas avots ir asku sporas, kuras veidojas pseudotécijos kviesu
salmos p&c razas novaksanas un tur ari parziemo.

21. tabula. Lapu slimibu attistibas pakape vasaras kviesoss, %
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31.-32. 37.-39. 63.-65. 71— 75-1717.
AE AE AE 73. AE AE
Vari 20.05. 10.06. 25.06. 15.07. 20.07.
ants | ko | Pre | ko | Pre | ko | Pre | ko | Pre | Ko | Pre
ntr | par | ntr | par | ntr | par | ntr | par | ntr | par
ole | ats | ole | ats | ole | ats | ole | ats | ole | ats
Kviesu lapu dzeltenplankumainibas (ieros. Pyrenophora tritici-
repentis)
MO | 0.1] 01 [L15]15]32]31]16.] 16. | 19.] 18.
8 5 5 6 5
M1 |01 ] 01 |[1.6] 21 |31]3.0]18. | 17.|20.] 19.
2 6 2 2
M2 |01]01 (26|19 |3.1]29]|16.] 15 | 18. | 19.
5 6 6 2
M3 | 0101|2524 35|34 ]| 17.|17.]19.] 18.
5 6 2 6
Briina riisa (ieros. Puccinia recondita)
MO 0 0 |01 01 |58] 56|33 |32 |35 | 36.
4 5 6 9
M1 0 0 |01 0162|5835 |33 |38 | 37.
6 6 6 2
M2 0 0 |01 01 |82]75]32. |31 |37.] 35.
5 2 4 5
M3 0 0 |01]01 69| 72]36.| 34 |37.] 36.
5 8 5 4
Graudzalu miltrasa (ieros. Blumeria graminis)
MO 0 0 |01]01 (01|01 7]01]0.1]0.1]0.1
M1 0 0 |01]01(01|01]0.17]0.1]})0.1]0.1
M2 0 0 (01(01{01]0101]|011]0.1] 0.1
M3 0 0 (01]01{01]01 01701 ]|0.1]0.1

Lai gan pirmas kvieSu lapu dzeltenplankumainibas pazimes
(kontroles variantos — 0.1%) uz augiem nov@roja jau kvieSu
stiebroSanas fazes sakuma (21. tabula), strauja slimibas attistiba
sakas piengatavibas sakuma.

Saja vegetacijas perioda vasaras kvieSos domingjo$a slimiba bija
briina risa. Slimibas ietekmé samazinas fotosintizgjosa virsma, lidz
ar to samazinas auga garums un graudu raza (Chen et al., 2014).
Latvija Iidz Sim nav veikti petijumi par briinas riisas ierosinataja
biologiju un attistibu, bet pétita slimibas attistiba kompleksi kopa ar
citam kvieSu lapu slimibam. Brinas riisas simptomi paradijas
karoglapas plaukSanas laika (21. tabula), turpmakajas kvieSu
attistibas fazes slimibas attistibas pakape strauji pieauga.
Piengatavibas laika briinas riusas simptomi (19. attels) bija
sastopami pat uz karoglapas, atseviskam lapam parklajot virsmu
11dz pat 75%. Slimibas netipiski augsta attistibas pakape var€tu bt
izskaidrojama ar siltajam ziemam, jo patogéns ziemo micélija veida
infic€tos ziemajos, pabiru asnos, augu atliekas un starpsaimniekos
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(Boltonn, Kolmer, Garvin, 2008). Briinas riisas attistibu ietekmé art
gaisa relativais mitrums, gaisa temperatiira un nokrisni (Rodriquez-
Moreno et al., 2020). Briina riisa attistas no +10... +30 °C (Wagar et
al., 2018), bet optimala temperatira +20... +25 °C ar nakts
temperatiiru no +15... +20 °C (Rodriquez-Moreno et al., 2020),
Sadas temperatiiras bija raksturigas vegetacijas periodam.

Graudzalu miltrasu kvieSu s€jumos Latvija konstaté katru gadu,
taCu tas attistibas pakape s€jumos neparsniedz 2% (Bankina et al.,
2018; 2022) un butiski razu neietekm@. Optimala temperatiira
konidiju digSanai ir +10...+20 °C, tacu tas digst daudz plasaka
temperatiiras amplitida — no +5...+30 °C. Patogéna attistibai svarigs
ir gaisa mitrums, jo konidijas digst bez briva tidens — optimalais
gaisa relativais mitrums ir 95% (Savary et al., 2017; Gao, Niu, Li,
2018). Vasaras kvieSos graudzalu miltrasa konstatéta karoglapas
plaukSanas laika uz apaks€jam lapam (visos variantos 0.1%). Arl
velakas uzskaites konstatéta slimibas izplatiba, tacu tas attistibas
pakape nepieauga un slimibas simptomi bija sastopami tikai uz
apaksgjam lapam.

19.attels. Briina risa (ieros. Puccinia recondita) un kvieSu lapu
dzeltenplankumainiba (ieros. Pyrenophora tritici-repentis) uz
vasaras kvieSu lapam piengatavibas laika, 18.07.2024.)

Variantos, kur lietoti PAC preparati, nenoveérojam preparata ietekmi
uz lapu slimibu attistibas pakapi, 1idz ar to Preparata lietosanas
tehniska efektivitate bija zema (0-5%).

Vasaras kvieSu graudu raza varigja no 2.82-3.85 t hal | kas
verteéjama ka videja. Seklas materiala apstrade ar augsnes piedevam
palielinaja graudu razu, tomér butisku razas pieaugumu (p<0.001)
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un produktivo stiebru skaitu, salidzinot ar kontroli, ieguva tikai
varianta S1/M1 (22. tabula)
22. tabula. Produktivo stiebru skaits vasaras kviesiem, gab. m™

Varianti Kontrole (bez _
_ Ar preparatu
preparata)
Bez augsnes piedevas 338.9° 354.2°
S1/M1 (15% Si) 433.8° 428.12

" ab _ gtatistiski batiskas atSkiribas starp seklu apstrades variantiem
(p<0.05)

Bitiski lielaks graudu skaits varpa konstatéts variantos, kur lietots
polifenolu komplekss un proantocianidini slimibu ierobezosanai -
videji 28.3 graudi varpa (23. tabula). Seklas materiala apstradei bija
nozime kontroles varianta — butiski lielaks graudu skaits varpa
konstatets varianta S1/M1. Lietojot polifenolu kompleksu un
proantocianidinus, graudu skaits variantos bija lidzigs (p>0.05).

23. tabula. Graudu skaits varpa vasaras kvieSiem, gab

) Smidzinasana uz lapam
Variants —
Kontrole Ar Preparatu
Bez augsnes
piedevas 26.8% 27.5"
S1/M1 (15% Si) 25.3b 28.3"

ab _ gtatistiski butiskas atSkiribas starp seklu apstrades variantiem
(p<0.05) " statistiski biitiskas atskiribas nav konstatgtas (p>0.05)

Izmantotas literattras saraksts:

1. Bankina B., Bimsteine G., Arhipova I., Kaneps J., Darguza
M. (2021). Impact of crop rotation and soil tillage on the
severity of winter wheat leaf blotches. Rural sustainability
research, Vol. 45 (340), p. 21-27.

2. Bankina B., Bimsteine G., Arhipova I., Kaneps J., Stanka T.
(2018). Importance of agronomic practice on the control of]
wheat leaf diseases. Agriculture, Vol. 8, article 56.

3. Bankina B., Gaile Z., Balodis O., Bimsteine G., Katamadze
M., Kreita Dz., Paura L., Priekule I. (2014). Harmful winter
wheat diseases and possibilities for integrated control of]
Latvia. Acta Agriculturae Scandinavica, Section B — Soil &
Plant, Vol. 64 (7), p. 615— 622.

4. Bankina B., Kaneps J., Darguza M., Bimsteine G. (2022).
Development of wheat leaf blotches depending on soil
tillage system. IOP Conference: Earth and Environmental
Science, Volume 1096, article No. 1096.
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6. Chen W., Wellings C., Chen X., Kang Z., Liu T. (2014).
Wheat stripe (yellow) rust caused by Puccinia striiformis
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Interaction of wet period and temperature on Pyrenophora
tritici-repentis infection and development in wheats of]
different resistance. Phytopathology, Vol. 77, p. 1021-1027.
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11. Ronis A., J., Joargensen L. N., Semaskien¢ R., Gauril¢ikiené
I., Ramanauskien¢ J. (2014). Sensivity of Mycosphaerella
graminicola isolates to dementhylation-inhibiting (DMI)
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Rezultats: Augsnes piedevu un augu aizsardzibas lidzeklu
lietoSanas rekomendacijas izstrade.

Darbiba nr. 23. Augsnes piedevu un augu aizsardzibas Iidzeklu
lietoSanas rekomendacijas izstrade.

Izpilditajs: Koksnes kimijas institiits.

Sagatavota augsnes piedevu un augu aizsardzibas lidzeklu
lietoSanas rekomendacija.
Iss apraksts: 1) Lai nodrosinatu labaku razu, ieteicams lietot augsnes

piedevu ar 15 % Si deva 40 kg/ha. Augsnes piedevu var izmantot

augsnes
piedevu
un augu
aizsardzib
as
lidzeklu
lietoSanas
rekomend
acija
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divos veidos: to sajaucot ar s€klam pirms s€Sanas vai ripigi
iestraddjot augsné pirms s&jas/stadisanas. Sada lietosana veicina
substrata uzlaboSanu, nodroSina labveligus augSanas apstaklus un
veicina s€klu digSanu un s€jenu attistibu. Lai sasniegtu optimalus
rezultatus, piedevas pielietoSana javeic vienmérigi un saskana ar
augsnes un kultiirauga/meZauga prasibam.

2) Lai efektivi aizsargatu kultiraugus, ieteicams izmantot 2%
ekstraktu, iegiito no lapkoku un skujkoku Skeldas vai mizas ka augu
aizsardzibas lidzekli. Ekstraktu smidzinaSanai var lietot gan uz
priezu skujam, gan kvieSu u.c. kultiru lapam, nodroSinot
vienmérigu parklajumu. Sada koncentracija ir pieteiekama, lai
veicinatu aizsardzibu pret patogéniem un kait€kliem, vienlaikus
neradot bojajumus augiem. SmidzinaSanu ieteicams veikt agri no
rita vai vakara, lai samazinatu iztvaikoSanu un uzlabotu lidzekla
iedarbibu. Regulara lietroSana saskana ar noradijumiem veicina
augu veselibu un razas kvalitati.

Sagatavota projekta gala atskaite

gab
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4. INFORMACIJA PAR REZULTATIEM

Aprakstit turpmak planotas darbibas mérka sasniegSanai, darbibas, kas Tstenotas papildus vai
sakotngji nav planotas, ka art aprakstit iemeslu, ja kada no sakotnéji ieplanotajam darbibam
mérka sasniegSanai nav Tstenota

Papildus darbibas:

1) daliba Latvijas Valsts MeZi rikotaja pasakuma “Meza dienas, 23.-24.05.2025.

2) izméginajumi uz redisiem- kartupelu vieta. Redisi izvéleti ka piemerotakais stadiSanas
materials julija ménesi (projekta sakums).

3) eksperimentu gaita atklajas divas jaunas paradibas:

a) eksperimenta ar proantocianidinu iedarbibu uz bakterijam, atbilstoSi pienemtai
metologijai, tika lietots agars, un proantocianidini ar agaru izveidoja emulsiju,
neveidojas géls, atbilstoSi nevar€ja pabeigt eksperimentu. Iesaistitiem zinatniekiem
nakas atkartoti tirit proantocianidinus, pilnveidot metodologiju, lai bitu iesp&ja veikt
So eksperimentu;

b) proantocianidinu, lapkoku un skujkoku ekstraktu analize fungicidas aktivitates
noteikSanai attieciba pret mezam kaitigam seném Botrytis cinerea, Heterobasidion
annosum un Heterobasidion parviporum, bija jaatkarto vairakas reizes, jo sakuma
aktivitate nebija noveérota, kas bija pretruna ar zinatnieku ieprieks¢jo, giito ar cilvékam
kaitigam séném, pieredzi. Eskperimenti tika atkartoti vairakas reiz€s, parskatita visa
metodologija un atklats, ka negativi rezultati bija saistiti ar pardestiléta spirta
izmantosanu proantocianidinu attiriSanai. Pardestiléta spirta tiriba nesasniedza
pirmreizgja spirta tiribu 96%, ta sastadija maksimali 88%. Pec papildus veiktam cukuru
analiz€ém atklajas, ka proantocianidini $aja gadijuma saturgja glikozidus, kas,
acimredzot, vienlaikus ar neglikozido formu ietekmi uz séném, veicinaja sénu augsanu,
dodot tam baribas vielascukuru forma. Pardestiléts spirts arasti proantocianidinu
attiriSanai netika izmantots; bet §1 projekta gadijuma, sakara ar to, ka bija vajadzigi lieli
ekstraktu un proantocianidinu daudzumi, bija pienemts 1€mums par ekonomiski
lietderigaku espkerimentu veikSanu ar  pardestiléto spirtu. Bet izradijas, ka
laboratorijas apstaklos pardestiléta spirta tiriba nevar sasniegt tiribas pakapi, kas nelauj
glikozidu par&ju proantocianidinu frakcija. Tapec eksperimenti bija bija jaatkarto,
izmanojot tiro spirtu bez ardestilacijas. P&c eksperimenta veikSanas ar tiro 96% spirtu
proantocianidinu iedarbiba uz patogenam apstiprinajas un ekserimenti tiem turpinati.

5. INFORMACIJA PAR PROJEKTA REZULTATU SNIEGUMU LATVIJAS VIEDAS
SPECIALIZACIJAS STRATEGIJAS (RIS3) ISTENOSANA (ja attiecinams)

RIS3 mikrolimena raditajs’ Vertiba/skaits

Projekta nopublicétie zinatniskie raksti, kas publicéti 3
Web of Science vai SCOPUS (A vai B) datubazes
ieklautos zurnalos vai konferencu rakstu krajumos.

iesniegti publicéSanai 1

publicéti 2
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Vairak informacijas par projektu skatit APP Latvijas Valsts Koksnes kimijas instituita
timekla vietne:
https://kki.lv/zinatniska-darbiba/projekti/bezatlikuma-mezistrades-biomasas-izmantosana

Vairak informacijas par Eiropas Lauksaimniecibas fondu lauku attistibai pieejams
Eiropas Komisijas timekla vietne:

http://ec.europa.eu/agriculture/rural-development-2014-2020/index_Iv.htm

PROJEKTA GALA ATSKAITES PIELIKUMI
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Abstract—The aim of research was to evaluate the impact
of low rates of application of environmentally friendly
organo-mineral soil amendments on yields components
(number of productive tillers m?, 1000 grain weight, grain
number per ear), grain yield and yield quality of spring and
winter wheat under organic farming conditions. Soil
amendments were obtained based of forest logging residues -
lignocellulosic biomass, after isolation of polyphenols by
water extraction and enrichment with silicon (Si), included
the content of polyphenolic compounds. The soil
amendments were used for seed material treatment. Field
experiments were carried out in the certified organic farming
field. The control variant and organo-mineral soil
amendments, containing inorganic oligomer in various mass
ratios (three variants) were tested. The varieties (spring
wheat ‘Robijs’, winter wheat ‘Edvins’), certified for growing
under organic farming conditions, were used in trial. It was
shown that the treatment of seed material with organo-
mineral soil amendments increased the number of productive
tillers as well as have a beneficial effect on the yield (the
increase till 21.6% compared to the control) but decreased
the number of grains per ear of spring wheat, depending on
concentration of inorganic oligomers). In variant with the
highest tested concentration of inorganic oligomer, a trend
towards yield growth for winter wheat can be observed. The
obtained results show that the treatment of seed material
with promotes plant growth and development, researches
should be continued.

Keywords— organo-mineral soil amendments, organic
farming, wheat, quality, polyphenols

L INTRODUCTION

Wheat is the most widely cultivated cereal grain
worldwide and plays a vital role in agriculture.
Internationally, wheat provides approximately 55% of
carbohydrates and 21% of the dietary calories consumed
worldwide. Wheat also contains other beneficial
components such as minerals (Cu, Mg, Zn, Fe, and P),
protein, vitamins (riboflavin, thiamine, niacin, and alpha-
tocopherol), also provides significant amounts of
biologically active components that are essential or
beneficial to human health. These include not only protein,
vitamins, and dietary fiber, but also phytochemicals, such
as polyphenols, which are primarily composed of
flavonoids, phenolic acid, proanthocyanidins, and other
compounds with powerful antioxidant, bacteriostatic, anti-
infective, and preventive properties against numerous
health problems [1-4]. In the previous study, the authors
indicated that soil amendments increase yield and improve
cereals' target composition [5]. Therefore, it is necessary to
evaluate the effects of the resulting soil amendments on
wheat yield and grain chemical composition, focusing on
polyphenols, which could be done using the analytical
pyrolysis method.

II. MATERIALS AND METHODS

A.  Field experiments

Field experiments were carried out in 2023/2024
growing season (winter wheat) and in 2024 (spring wheat)
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at the certified organic farming field (N 56° 69.275", E 25°
14.173"). The soil at the site was sod-podsolic sandy loam.
The soil is characterized by the following: pHkci 5.6,
organic matter content 27 g kg™, P,Os content 105 mg kg
and K;O content 201 mg kg of the soil. The cultivars
‘Edvins’ and ‘Robijs’, characterised by good productivity
and winterhardiness (for winter wheat) under organic
farming conditions, were used in the field trials. For winter
wheat plot size was 0.9 m? (2 m x 0.45 m (3 rows)), four
replicates, seed rate — 500 seed per m?. For spring wheat
plot size 13.5 m? (1.5 m x 9 m), sown with seeding machine
Hege 80, four replications, seed rate — 550 seed per m?.

The control variant and three variants of organo-
mineral soil amendments, containing inorganic oligomer in
various mass ratio, were tested: S1 — without soil additive;
S2 — soil additive with 5% of Si; S3 — soil additive with
10% of Si and S4 — soil additive with 15% of Si.

Soil amendments were obtained based of forest logging
residues-lignocellulosic  biomass, after isolation of
polyphenols by water extraction and enrichment with
silicon (Si), included the content of polyphenolic
compounds. The soil amendments were used for seed
material treatment.

Organic or some other type of fertilizer have not been
used in the previous 5 years, except for plant residues after
harvest.

The grain yield of winter wheat obtained by indirect
method — using a plant samples, in turn the grain yield of
spring wheat obtained by harvester “Wintersteiger”. After
harvesting, grain was weighed, grain purity and moisture
content detected and yield data were recalculated to
standard moisture (14%) and 100% purity.

B.  Yield-forming components

Yield-forming components were determined at growth
stage (GS) 87-89 of wheat according to BBCH scale (the
phenological growth stages of cereals according to the
‘Biologisce = Bundesanstalt, = Bundessortenamt  und
Chemische Industrie’ (BBCH) scale). The plant samples
collected in each plot at two locations from 0.5 m?: number
of productive tillers per 1 m?, grain number per ear
calculated as the total number of grains in the plant samples
divided by the number of productive tillers. Weight of 1000
grains determined according to standard EN ISO 520:2011
“Cereals and Pulses”, using a “Pfeuffer CONTADOR”
seed counter and an electronic balance.

C.  Grain quality analyses

The quality indicators: protein content (%), gluten (%),
Zeleny index, volume weight for the crops studied using
near-infrared spectroscopy (NIRS) with analyzers Infratec
TM NOVA. Falling number (s) for winter wheat was
determined by the Hagberg-Perten method (ISO 3093:
2009).

D. Meteorological conditions

Meteorological conditions were characterised by
measurements of air temperature (Fig.1) and precipitation
(Fig. 2.), compared with long-term values. Data were
obtained from the Skriveri Observation Station of the

Latvian Environment, Geology, and Meteorology Centre
(www.meteo.lv).

During the sowing of winter wheat (27.09.2024.), soil
conditions for seed germination were favourable. October
were very rainy, with warm air temperature. Vegetation
ended on November 17, 2024, but renewed on March 15,
2025. The winter was warmer than long-term
observations. The vegetation period of 2024 was
characterized as dry and hot, and were not favourable for
the growth and development of both winter and spring
wheat. For several years now, the average daily air
temperature had exceeded the long-term average air
temperature, and this year it was also significantly higher.
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Fig. 1. Average air temperature in 2023/2024 growing season (Skriveri
Observation station), °C.
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Fig. 2. Amount of precipitations in 2023/2024 growing season (Skriveri
Observation station), mm.

During the sowing of spring wheat (02.05.2025.), soil
conditions for seed germination were good, but a drought
period began in May, which lasted until mid-august. Only
in the first decade of June the amount of precipitation
reached a norm (96% of the norm). Dry and hot weather
promoted the ripening of wheat, winter wheat was
harvested already on July 25, but spring wheat — on August
5, 2025. Drought stress is also evidenced by the short
height of wheat (spring wheat only 50-55 cm).

D. Chemical characterization of grain

Analytical pyrolysis of wheat samples was performed
using Frontier Lab Micro Double-shot Pyrolyser Py-
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2020iD directly coupled with gas chromatography-mass
spectrometer Shimadzu GC/MS/FID-QP ULTRA 2010
(Shimadzu, Kyoto, Japan). The individual compounds
were identified based on GC/MS using Library MS NIST
11 and NIST 11s. The relative area of the peak of individual
compounds was calculated using Shimadzu software based
on GC/FID data. The variation coefficient of the
measurement was < 3%.

E.  Statistical analyses of data

The analysis of variance by R-studio was used for
statistical analysis of the experimental data (yield forming
compounds, yields). Bonferroni test was used for the
comparison of means at p<0.05. Significantly different
values were labelled with different letters in superscript
(*Y). If effect of studied factor was not significant (p>0.05),
used symbol “n”.

I1I. RESULTS AND DISCUSSION

A. Yield components

Yield of any crop is mathematical function of separate
yield components such as the number of plants per unit area
and productivity of an individual plant. For cereals the
number of productive tillers per 1 m?, number of grain per
ear, and 1.000 kernel weight is measured.

Yield components formed sequentially throughout the
plant’ development. The yield-forming elements of the
crops affect the yield by interacting each other [6].

Analysing the yield-forming components for winter
wheat, no significant (p>0.05) differences among the
variants were found (Table 1).

TABLE 1 YIELD-FORMING COMPONENTS OF WINTER WHEAT

Number of Number of Weight of
Variants | productive tillers grains per 1000 grains,
per 1 m? pieces ear, pieces g
S1 308.8" 28.8" 33.5"
S2 309.9" 28.8" 337"
S3 317.0 29.3" 33.4"
S4 322.1" 29.8" 33.6"

S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
additive with 10% of Si; S4 - soil additive with 15% of Si; " - effect of
studied factors was not significant (p>0.05).

The treatment of seed material with organo-mineral soil
amendments increased the number of productive tillers of
spring wheat. A significant increase (p<0.001) of
productive tillers compared to the S1 (without soil additive)
was obtained only in variant S4 with the largest
concentration of Si (15%) (Table 2.).

However, in that variant (S4) were obtained
significantly lower (p<0.001) grain number in ears. The
weight of 1000 grains was similar in all tested variants,
which can be explained by the dry period during the
maturation of the grain.
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TABLE 2. YIELD-FORMING COMPONENTS OF SPRING WHEAT

Number of Number of Weight of
Variants | productive tillers grains per 1000
per 1 m? pieces ear, pieces grains, g
S1 338.9° 26.8% 311"
S2 367.8% 27.5° 3L
S3 396.1%® 26.3% 31.2°
S4 433.8° 25.3% 314"

S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
additive with 10% of Si; S4 - soil additive with 15% of Si; " - effect of
studied factors was not significant (p>0.05),*" — effect of studied factors
was significant (p<0.05)

B. Grain yield

The obtained yields correspond to the average yields in
trials conducted under organic farming conditions in the
Baltic region [7-9]. Treatment of seed material with
organo-mineral soil amendments, containing inorganic
oligomer, increased the grain yield both spring and winter
wheat. However, a significant yield increase (p<0.001)
compared to the S1 (without soil additive) was obtained
only in variant S4 (soil additive with 15% of Si) for spring
wheat (Fig. 3.).
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Fig. 3. The grain yield of wheat, t ha™.
S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
additive with 10% of Si; S4 - soil additive with 15% of Si; " - effect of
studied factors was not significant (p>0.05) for winter wheat, *° - effect
of studied factors was significant (p<0.05) for spring wheat.

C. Grain quality

The grain quality indicators were analysed using near-
infrared spectroscopy only for spring wheat. The dry and
hot weather also significantly affected the grain quality of
spring wheat. Unfortunately, the grain quality indicators
do not meet the requirements of food wheat. The grain has
a good protein content (12.4-13.5%) and gluten content
(23.1-26.4%) as well as gluten quality (Table 3).

However, the grain obtained in the trial has a low
volume weight (<730 g L") (Table 3).

D. Chemical characterization of grain

The Py-GC/MS/FID data represent volatiles formed
from cellulose, hemicellulose, lignin, and extractives.
Carbohydrates-derived volatiles represented 98-99% of
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the total wheat biomass volatile organic products. When
comparing wheat samples with and without soil additive,
the relative content of phenyl- and benzyl derivatives in
wheat samples grown on treated soil (S2-S4) was higher,
thereby demonstrating the beneficial effect of soil
additives on target compounds content (Fig. 4.).

TABLE 3. PROTEIN CONTENTS AND QUALITY FOR SPRING WHEAT

Variants Protem0 Gluten, % Zeleny index,
content, % ml
S1 13.5 25.7 51.86
S2 13.5 25.8 52.11
S3 13.0 24.7 47.38
S4 12.4 23.1 43.11

S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
additive with 10% of Si; S4 - soil additive with 15% of Si

TABLE 4. VOLUME WEIGHT AND FALLING NUMBER FOR SPRING WHEAT

Variants Volume V_Telght, Falling number,
gL sec
S1 726.6 300
S2 717.8 307
S3 724.7 289
S4 729.0 292

S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
additive with 10% of Si; S4 - soil additive with 15% of Si

The target compound tended to grow with the content
of Si in the soil additive. However, this increase was
within the variation coefficient.

1
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Fig. 4. Soil additive effect on the content of phenyl- and benzyl-
derivatives in wheat based on analytical pyrolysis data of wheat
samples: S1 — without soil additive; S2 — soil additive with 5% of Si, S3
— soil additive with 10% of Si; S4 - soil additive with 15% of Si.

Content of phenyl- and
benzyl derivatives, % rel
in biomass

The content of total phenyl and benzyl derivatives
formed from extractives ranged from 0.77 to 0.93 rel% in
biomass. Among the phenyl and benzyl-derived volatiles,
the predominant one is phenyl, 3 and 4 methyl-derived
volatiles as methoxy-substituted benzoquinone, which has
been proven to have potential antitumor and
immunostimulating activity (Fig.5).
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Fig. 5. Analytical pyrolysis data of phenyl and benzyl-derived volatiles
of wheat samples: S1 — without soil additive; S2 — soil additive with 5%
of Si, S3 — soil additive with 10% of Si; S4 - soil additive with 15% of
Si

IV. CONCLUSIONS

In variant with the highest tested concentration of
inorganic oligomer, a trend towards yield growth for wheat
can be observed (increase of productive tillers).

The study's results showed a positive effect of the soil
additive (S2-S4) on the content of biologically active
compounds in wheat samples. The higher content of phenyl
and benzyl derivatives in wheat grains may indicate an
increased content of phenolic acid, flavonoids,
benzoquinone compounds, etc., compounds with
documented antitumor and immunostimulating properties.

The obtained results show that the treatment of seed
material with promotes plant growth and development,
researches should be continued.
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Abstract. The purpose of this work was to evaluate the
impact of low rates of application of environmentally
friendly organo-mineral soil amendments on grown under
organic farming conditions dill’s green mass yield and it’s
composition, including the content of polyphenolic
compounds. Soil amendments were obtained based on forest
logging residues — lignocellulosic biomass, after isolation of
polyphenols by water-ethanol extraction and enrichment
with silicon (Si)-containing inorganic oligomer in various
mass ratios. Lignocellulosic biomass is rich in polyphenols
which can damage the functionality of the bacterial cell
membranes thus inhibiting the growth of soil
microorganisms. Polyphenols can be isolated from the
lignocellulosic substrate and evaluated in further studies for
their potential to protect plants from pathogenic
microorganisms. The influence of the prepared soil
amendments on soil microorganisms was tested. Field
experiments were carried out in a certified biological field
intended for scientific purposes. It was shown that soil
amendments have a beneficial effect on the yield (42%) and
a slight influence on the composition of dill at low
amendment application rates. The addition of soil
amendments also contributed to insignificant changes in the
amount of polyphenols. The soil amendments didn’t
influence the soil microorganisms under study. The results
confirmed the ability of the soil amendments based on the
forest logging residues to activate dill growth.

Keywords: Forest logging residues, growth activation, organo-
mineral soil amendments, silicon

I. INTRODUCTION

In 2021, the EU had an estimated 160 million hectares
of forests which on average covered 39% of the EU land
area; whereas in Latvia, forest area amounts to 53% of the
total area [1]. According to the European Commission
terminology. forest logging residues that formed after
forestry logging operations include branches with needles
or leaves, tops, stumps, roots, and bark left in the forest, as
well as small trees from thinning and clearing operations,
and un-merchantable stem wood [2]. Forest logging
residues comprise at least 11% of the total mass of wood
[3]. in Europe, they amount to an average of 32% [4].

Large quantities of forest logging residues result in
forest degradation. pollution of the environment, and loss
of potentially valuable raw material [5]. Until recently. the
logging residues were mostly burned, which harmed the
environment. Removal of the residuals from the forest, on
one side, improves its sanitary condition. but on the other
side, leads to the loss of nitrogen (about 40%), phosphorus
(55%). and minerals [6]. It was estimated that around 30%
of the residues on average should be left in the forest to
minimize the depletion of soil fertility. especially in the
areas, where the carbon content of the soil is small [7],

8.

Forest residues — lignocellulosic biomass — consist of
lignocellulose (cellulose, lignin, hemicellulose), and
extractives. Lignocellulose is the major renewable source
of organic matter in soil [9]. It was proven that lignin
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contributes substantially to the formation of humic
substances [10]. One of the possible alternative ways to
increase the soil fertility is to return part of the logging
residues back to the forest, but with a more easily
accessible form of their organic part, and either enriched
with largely missing mineral part or modified for
increased uptake of the minerals by the plants. Moreover,
lignocellulosic biomass is rich in polyphenols which can
damage the functionality of the bacterial cell membranes
thus inhibiting the growth of soil microorganisms.
Therefore, for preparation of the soil additives, the
polyphenols should preferably be preliminary extracted.
for further use as antimicrobial agents in agriculture,
veterinary or human health care.

In our studies, it was proven that organo-mineral
fertilizers on the basis of lignin or lignocellulosic biomass
of sea buckthorn, after extraction of the polyphenols, and
enriched with silicon, had a positive effect on the plants
growth and development [11]. It was shown that silicon
increased the plant-available part of phosphorus in the
soil, affected the uptake and accumulation of several
mineral nutrients in various plants, and it’s effect needs
further investigation [12].

Thus, this work aimed to prepare. characterize, and
test the soil amendments on the basis of forest logging
residues. For this purpose the following tasks were set: to
modify the forest logging residues after extraction of
polyphenols with silicon-containing inorganic oligomer:;
to test antimicrobial activity of the obtained soil
amendments against four pathogenic soil bacteria; and to
evaluate the effect of the obtained soil amendments on dill
(Anethum graveolens L.) productivity and composition.

II. MATERIALS AND METHODS

A. Plant Material

Forest logging residues were collected in summer
2023, from Jelgava county of Latvia, Cenu parish. The
residues were dried at room temperature and ground in a
mill (Cutting Mill SM100, Retsch, Haan, Germany) until
the particle size of < 2mm.

B. Preparation of Soil Additives

Soil additives were obtained on the basis of hardwood
chip biomass after extraction of polyphenols, by
modifying the biomass after extraction with a Si-
containing component (further in the text — Si) in various
mass ratios.

C. Field Experiments

The field experiments were carried out in 2023 at a
certified biological field (56° 69.275" Z. E 25° 14.173")
intended for scientific purposes. The test crop was the dill
"Thalia". The field experiments with soil additives were
carried out in 4 options in 4 repetitions:

L.

2. Soil amendment SAI (biomass after extraction +
15% Sion DM);

3. Soil amendment SA2 (biomass after extraction +
10% Si on DM);

Reference plot (without soil additive);
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4. Soil amendment SA3 (biomass after extraction +
5% Sion DM).

The green mass of dill was harvested 63 days after
sowing, according to the regulations of MK no. 461
"Requirements for food quality schemes, their
implementation, operation. monitoring and control
procedure" [13]. Total yield of green mass was calculated
as kg m? (Fig. 1).

Fig. 1. Field experiments a certified biological field.

D. Dill Green Biomass Characterization. Py-
GC/MS/FID Analysis

Analytical pyrolysis of dill samples was performed on
Frontier Lab Micro Double-shot Pyrolyser Py-2020iD
directly coupled with gas chromatography-mass
spectrometry Shimadzu GC/MS/FID-QP ULTRA 2010
(Shimadzu, Kyoto, Japan), as described in [14].
Identification of the individual compounds was performed
based on GC/MS using Library MS NIST 11 and NIST
11s, whereas the relative area of the peak of individual
compounds was calculated using Shimadzu software
based on GC/FID data.

E. Preparation and Yield of the Extracts

Hydrophilic extracts of dill green mass were isolated in
two ways: 1) at 50 °C, 30 min using ethanol-water
solution (1:1, v/v) or 50% EtOH; 2) at 50 °C. 30 min
using distilled water. The ethanol-containing extracts
after ethanol evaporation and water extracts were freeze-
dried to yield dry extracts. The yield of the dry extract is
presented as a percentage based on the dry mass (DM) of
biomass. The CI for the results did not exceed 3% at
a=0.05.
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F. Chemical Characterization of the Extracts

The total content of polyphenols in the hydrophilic dry
extracts was quantified by the Folin-Ciocalteu method
using gallic acid as a reference compound according to
Janceva et al. [15]. The total content of flavonoids was
measured by a colorimetric assay using rutin as a
reference compound according to Andersone et al. [16]
The total content of condensed tannins in the hydrophilic
extracts was measured by the butanol-HCI assay using
procvanidin dimer B2 as a reference compound as
described in Andersone et al. [16].

G. Determination of the Number of Functional Groups in
the Biomass

The functional groups: aliphatic hydroxyl groups OH
(aliphatic), phenolic hydroxyl groups OH (phenol), and
carboxyl groups (COOH) were determined using the
potentiometric and conductometric titration (InoLab level
3. Wissenachftlich-Technische Werkstatten GmbH & Co.
KG, Weilheim. Germany), according to Zakis [17], [18].

H. Antimicrobial Properties

Minimum inhibitory concentration (MIC) and minimum
bactericidal/fungicidal concentration (MBC/MFC) of the
soil amendments, mg mL1, were tested on the pathogenic
soil bacteria Pseudomonas syringae pv. syringae MSCL
894, Erwinia rhapontici MSCL 651, and fungi Fusarium
culmorum MSCL 1628, and Verticillium dahliace MSCL
863.

I Statistics

All measurements were conducted in triplicate, except for
field trials where four replicates were done. The results
are presented as the mean value. Statistical analysis was
made using Microsoft Excel 2016. Confidence intervals
for a mean using Student’s T distribution were calculated
at a significance level of 5% (a = 0.05).

The analysis of variance by R-studio was used for
statistical analysis of the experimental data. Bonferroni
test was used for the comparison of means at p<0.05.
Significantly different values were labelled with different
letters in superscript (*).

III. RESULTS AND DISCUSSION

A. The Yield of Dill Green Mass
The vield of dill green mass was 0.90 — 1.32 kg m™
(Table 1).

TABLE 1 DILL GREEN MASS YIELD DEPENDING ON SEED TREATMENT
SUBSTRATE, KGM*

Total vield of The.abm'e—ground part
Sample reen mass of dill green mass from
P g a2 kg the total mass of the
m
plant, %o

Control 1\_-“1_ﬂ?out soil 0.03 363

additives
SA1 (biomass after
extraction + 15% S1 132 882

on DM)
SA?2 (biomass after
extraction + 10% S1 096 87.2

on DM)
SA3 (biomass after
extraction + 5% S1 0.90 86.4

on DM)
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Compared to the control variant (without treatment),
the yield of green mass increased significantly only after
soil treatment with SA1 (RSg0s = 0.27 kg m™?) the yield of
green mass at other treatment options (SA2 and SA3) was
within the confidence interval.

To determine the soil amendments effect on dill
chemical composition, the following studies were further
carried out for all dill samples: analytical pyrolysis (Py-
GC/MS/FID); quantitative analysis of functional groups
of biomasses; extraction to isolate hydrophilic extractives
to determine the content of total polyphenols, flavonoids,
and condensed tannins.

B. Analvtical Pyrolvsis (Pv-GC/MS/FID) of Dill

Biomass

The Py-GC/MS/FID data represent volatiles formed
from cellulose, hemicellulose, lignin, proteins, and
extractives. Aliphatic acids and esters, aliphatic alcohols,
aliphatic aldehydes, ketones, furan and pyran derivatives,
cyclopentane derivatives, and sugars aftributed to
carbohydrates-derived volatiles represented 50.5-59.6% of
the total dill biomass volatile organic products (Fig. 2).
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Fig. 2. Py-GC/MS/FID data of dill biomass-derived organic volatiles.

Besides the carbohydrates-derived. dill samples also
contained N-containing volatiles, showing the presence of
proteins and other nitrogen-containing compounds.
According to Py-GC/MS/FID., nitrogen-containing
compounds in dill were 17.8-22.1% of the total organic
volatiles (TOV). The content of aliphatic and cyclic
monomer derivates ranged from 11.0 to 13.9%/TOV.
Relative proportion of guaiacyl-type derivatives attributed
to lignin-derived volatiles was 0.9-1.1 %/TOV (Fig. 3).

1.2
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3 %
B . %
| .
88 / %
E-2 02 Im,“ /é
g. % 0.0 %/ I/;
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@Guaiacyl derivates @ Guaiacol 3@ p-Vinylguaiacol

Fig. 3. Py-GC/MS/FID data of dill biomass-derived lignin-derived
volatiles.
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The total polyphenol-derived volatiles content in dill
biomass composition ranged from 11 to 14 %/TOV.

12,0
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Fig. 4. Py-GC/MS/FID data of dill biomass-derived henyl and benzyl-
derived volatiles.

The content of phenolic and benzyl derivatives formed
from various phenolic extractives had similar content and
proportions of chemical compounds between the treated
and control dill samples within the confidence interval.

C. Total Content of Polvphenols and Functional OH
Groups in Dill Biomass

Previous studies have shown that plant secondary
metabolites, polyphenolic compounds, have a range of
biological activities, such as antioxidant, antimicrobial,
anti-inflammatory, antidiabetic and other [19], [20], [21].
and, thus, are important compounds to be evaluated. The
total polyphenol content in 50% EtOH extracts ranged
from 60.1 to 65.0 mg GAE per gram of dry extract. The
total polyphenol content in water extracts was slightly
lower comparing to the extracts isolated by 50% EtOH
(42.3 — 52.8 mg GAE/g extract). The total flavonoid
content in 50% EtOH extracts ranged from 42.7 to 46.8
mg RU per gram of dry extract. The condensed tannins in
the dill extracts were not found.

When comparing dill samples with each other. the
composition of functional groups differed slightly. The
effect of fertilizers on the content of total hydroxyl groups
(OH) in the composition of dill was similar to their
influence on the amount of total polyphenols. The total
content of OH groups was slightly lower in the control
sample. An increased content of acetyl groups and
aliphatic OH groups in dill grown on treated soil (SAI-
SA3) could indicate to an increased content of fatty acids
and aliphatic compounds in dill composition (Fig. 5).

16

s =

25T of hiomass

OH iphenal)

OH (C0O0H) OH {1oial)y OH {acelyl) OH {aliphatic)

mConiol m501 #8502 -80D3

Fi

e
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These results are consistent with the Py-GC/MS/FID
data.

D. Antimicrobial Properties of Soil Amendments

The analysis of the anti-microbial properties of soil
amendments obtained from forest logging biomass after
extraction of polyphenolic compounds showed that they
do not have detected antimicrobial activity (or MIC =50
mg mL7') against the pathogenic soil bacteria
Pseudomonas svringae pv. syringae MSCL 894, Erwinia
rhapontici MSCL 651, and fungi Fusarium culmorum
MSCL 1628, and Verticillium dahlice MSCL 863.

IV. CONCLUSIONS

The results of the study showed the positive influence
of the soil amendment with higher Si concentration (15%
of Si on DM of biomass after extraction) on the vield of
dill green mass, the green mass total yield increased 1.4
times in comparison with the control. The soil
amendments with less Si concentrations (5% and 10% on
DM) didn’t influence the yield within the confidence
interval.

The content of polyphenolic compounds in dill
samples with or without treatments was similar; slight
differences in the content of functional OH groups could
indicate a bigger amount of fatty acids and aliphatic
compounds in the composition of dill.

The antimicrobial activity of the studied soil
amendments against four pathogenic bacteria and fungi
was not detected (MIC =50 mg mL). This may be
indirect confirmation that polyphenols. which had proven
antimicrobial activity in our previous studies, and which
were separated from the forest biomass residues before
preparation of the soil amendments, have a key role in
antimicrobial effect. At the same time, such absence of
antimicrobial activity of the studied soil additives could be
considered positive for the beneficial soil microorganisms.
The investigations of the effect on soil microbiota will be
continued.

It can be concluded that the soil amendments based of
the forest logging residues could be used for the creation
of organo-mineral fertilizers and have positive effect on
the yield of dill. Slight changes in the content of
polyphenolic compounds of dill could be connected with
the less stress of the plants growing on the enriched soil.
Since the work with plants demands many repetitions. and
depends also on the environmental changes, the studies
have to be further continued in order to collect statistically
significant amount of plants for making conclusions of the
stable effect of the soil amendments in different weather
conditions.
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Abstract: This study aimed to evaluate forest logging residues, obtained as a result of for-
est management activities, as a raw material for new valuable products production, serv-
ing as an alternative to pesticides and chemically synthesized fertilizers for use in forestry
and agriculture. Seven batches of biomass, collected during different seasonal periods
over two years, were extracted using an ethanol-water solution. The yield of hydrophilic
extract containing proanthocyanidins (PACs) ranged from 18 to 25% per dry biomass. The
highest concentration of PACs in the extract was found in small branches with a high bark
content. The extracts with varying PAC concentrations were analyzed and demonstrated
fungicidal activity against several pathogenic fungi, including Botrytis cinerea, Myco-
sphaerella sp., Heterobasidion annosum, and Heterobasidion parviporum. The residual biomass,
both before and after modification-including enrichment with sea buckthorn berry resi-
due and a siliceous complex was characterized and evaluated for its impact on the growth
of pine sidling and agricultural crops. Forest and field experiments, conducted on a certi-
fied organic research field, showed that the fertilizer had a favorable effect on both yield
volume and product quality, even at low application rates of 40 kg ha'.

Keywords: forest logging waste; lignocellulosic biomass; extract; proanthocyanidins; fun-
gicidal activity; organo-mineral fertilizer.

1. Introduction

Currently, forest logging residues (tree branches generated during stem delimbing,
small-diameter trees harvested as a result of deforestation, debarking biomass, and simi-
lar materials) are primarily utilized as a renewable source of thermal energy. However,
their potential for the production of high-value bioproducts remains largely underex-
ploited.

The efficient and rational utilization of local logging residues is a key priority within
the European Union’s circular and cascading bioeconomy strategy. Since Latvia is on the
5% place in Europe for its share of forest in the total area [1] , this approach not only de-
creases reliance on external resources but also fosters economic growth in Latvia by boost-
ing the productivity of renewable resources and ensuring their consistent, residue-free
application in industrial processes. Furthermore, it helps protect the environment and cre-
ates job opportunities in Latvia's rural areas. Forest biomass, known to be rich in
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biologically active compounds, especially bark, can contain up to 25% extractives depend-
ing on the wood species [2]. Wood extractives are composed mainly of a complex mixture
of phenolic compounds. Some of these polyphenolics have antioxidant and antimicrobial
properties, making their extraction particularly attractive [3]. These polyphenols, accumu-
lated in significant amounts within wood tissues, often exhibit antifungal activity, making
them suitable as natural antimicrobial agents [4]. Among the various classes of polyphe-
nolic compounds in wood biomass, proanthocyanidins are notable due to their high reac-
tivity and broad spectrum of bioactive effects. Proanthocyanidins can form complexes
with proteins and metal ions, and they possess strong antioxidant, antifungal, and anti-
bacterial properties [5], [6], [7]. These traits make proanthocyanidins appealing for use in
pharmaceuticals, agriculture, food preservation, and the development of sustainable bi-
oproducts. The fungicidal activity of proanthocyanidins presents promising opportunities
in agriculture and forestry, especially as a natural alternative to chemically synthesized
pesticides. Incorporating PACs-based formulations into plant protection strategies can re-
duce the environmental impact of conventional agrochemicals and lessen the risk of re-
sistance development among pathogens. Forest logging residues, as lignocellulosic bio-
mass, serve as a valuable source of organic matter [8]. Developing organo-mineral ferti-
lizers from lignocellulosic biomass residues after extraction allows for the return of or-
ganic components to the soil, which is essential for maintaining the proper functioning of
the soil-biotic complex. Previous studies by the authors have shown that organo-mineral
fertilizers based on lignin and silicon (Si) have a lasting positive effect on plant growth
and development [9], [10]. After one year, soil analysis revealed increased levels of organic
matter and nitrogen. The residual biomass remaining after extraction, characterized by
high porosity and moisture content, makes an effective structural additive and a promis-
ing raw material for fertilizer production. This cascading use of biomass supports the
principles of the circular bioeconomy by maximizing the production of high-value prod-
ucts from a single cycle. Residues from sea buckthorn berries, including pomace (the pulp
and seeds left after juice extraction) and prunings, can be effectively used as fertilizers due
to their rich nutrient content. These residues help improve soil fertility, increase organic
matter, and may positively influence the yield and quality of subsequent crops. Sea buck-
thorn berries are rich in essential nutrients like nitrogen, phosphorus, potassium, and var-
ious micronutrients [11]. Si is one of the most abundant macronutrients (the eighth most
common element in nature and the second most abundant in soil after oxygen), and it
plays a critical role in enhancing plant resistance to environmental stress, diseases, and
pathogens [12]. Additionally, Si can improve the health of soils contaminated with toxic
levels of heavy metals [13]. It minimizes the toxicity of Fe, Al, and Mn, increases the avail-
ability of P, and strengthens plant resistance to drought, salt, high temperatures, and frost
by forming silicified tissues within plants. Not all of Si forms are directly available for
plant uptake. A deficiency in available Si forms can cause growth, development, and re-
productive issues in many plants [14]. Currently, discovering eco-friendly products that
promote plant productivity, enhance quality, and increase resistance to biological and abi-
otic stresses without harming the environment is an urgent priority. Growing organic
products requires extra care, but the effort results in healthier, higher-quality produce.

The aim of this study was to evaluate logging residues, obtained as a result of forest
management activities, as a raw material for the production of new value-added products,
serving as an alternative to pesticides and chemically synthesized fertilizers for use in
forestry and agriculture.

2. Materials and Methods

2.1. Material collection and preparation
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The forest logging waste used in the study was obtained from a forest cleaning in the 92
Olaine Parish, Olaine District, Latvia, between the summer of 2023 and the spring of 2025. 93
The branches were chipped directly at the harvesting site using a mobile chipper, as 94
shown in Figure 1. The resulting chips were transported to a chip storage site, where an 95
average sample was formed by taking 10 samples of 10 kg each from 10 different locations. 96
The size of the deciduous chip fractions did not exceed 5 cm. The chip samples included 97
bark. To prepare for further analysis, the chips were dried at 40 °C and ground using a 98
Retsch SM100 rotor mill (RETSCH, Haan, Germany). The grounded chip sample (further 99
in the text - biomass) was stored at -8 °C. 100

R

Figure 1. Biomass collected and chipped in the Olaine Parish 101
Table 1. Abbreviation of biomass samples 102
llecti th pe-
Sample abbreviation Material type Collection Z::;’ monthpe
S1 deciduous trees 2023, July-September
S2 deciduous trees 2023, October-December
S3 deciduous trees 2024, January-March
54 deciduous trees 2024, April-June
S5 conifers 2024, July-September
S6 pine bark 2024, October-December
S7 deciduous trees 2025, January-March
2.2. Biomass extraction 103

The milled and sieved fraction of biomass (S1-57) with a 1-2 mm size was used for 104
extraction. Biomass extraction was done with an aqueous ethanol solution (2:8, v/v). The 105
dry biomass mass and solvent ratio was 1:8. Extraction was carried out in a flask for 1 106
hour using heating and stirring with a magnetic stirrer while maintaining a temperature 107
of 60—70 °C. At the end of the extraction, the ethanol was distilled off at a temperature of 108
60 °C in a vacuum, and the resulting aqueous mixture was cooled to 25 + 2 °C. After cool- 109
ing, the aqueous mixture was deep frozen, with subsequent placement in a lyophilic 110
chamber, in which, under the influence of a vacuum (1.2-1.5 hPa) and low temperature 111
(-50 °C), the frozen solvent is removed. As a result of sublimation, a dry, homogeneous, 112
powdery preparation was obtained without losing its structural integrity and biological 113
activity, significantly increasing the shelf life. 114

2.3. PACs isolation 115

For PACs isolation from extracts by column chromatography, the obtained extracts 116
were applied to a Sephadex LH-20 column (2.5 cm x 120 cm) and eluted successively with 117
ethanol and aqueous acetone (70%, v/v) at room temperature. Each sample was lyophi- 118
lized by Heto PowerDry PL 300 (Thermo Scientific, Waltham, MA, USA) after the evapo- 119
ration of organic solvents. 120

2.4. Fungicidal activity determination 121
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The fungicidal activity tests of the samples were performed at the Faculty of Biology, 122
University of Latvia. To determine fungicidal activity, several reference fungi strains, re- 123
ceived from the Microbial Strain Collection of Latvia (MSCL), University of Latvia, were 124
used: Botrytis cinerea, Mycosphaerella sp., Heterobasidion annosum, and Heterobasidion parvi- 125
porum. The fungicidal activity was studied in plates, which allowed the determination of 126
the minimum inhibitory concentration (MIC) and minimum fungicidal concentration 127
(MFC). The MIC was determined as the lowest concentration of the studied material, 128
which showed no visible growth, and MFC — as the lowest concentration of the studied 129
material that kills 99.9% of a fungal population. 130

2.5. Biomass residue modification 131

The biomass after extraction (further in the text - substrate) was hydrolyzed using a 132
dilute alkaline solution. After alkaline hydrolysis, the substrate was washed with distilled 133
water to a neutral pH value and enriched with sea buckthorn berry residue and a Si-con- 134
taining composition in mass ratios (8:1:1, w/w/w). The fertilizer preparation took 30 days. 135

2.6. Fertilizer characterization 136

The chemical characterization of the fertilizers was carried out according to the 137

following European standards specified in Table 2. 138
Table 2. Methods according to the standard 139
Characteristics Testing method standard

Humidity, % LVS EN 13040:2008

Dry matter, % LVS EN 13040:2008

Organic matter content, % LVS EN 13039:2012

Ph LVS ISO 10390:2006
2.6.1. FTIR analysis 140

FTIR spectra were recorded in KBr pellets (1.6 mg of the sample in 200 mg of KBr (IR 141
grade, Sigma Aldrich), in the range of 4400-400 cm™ (resolution of 4 cm™, 32 scans), using 142
a Nicolet iS50 FT-IR spectrometer (Thermo Scientific, Waltham, MA, USA. The Spectrum 143
v5.0.1 program was used for processing the spectrum. 144

2.6.2. Elemental analysis 145

Carbon, nitrogen, and hydrogen content was determined using the Vario MACRO 146
CHNS elemental analysis equipment with a heat conduction detector (Elementar Analy- 147
sensysteme GmbH, Langenselbold, Germany). The oxygen content was calculated from 148
the difference of 100%. The dry sample was weighed in a foil (weight of sample: 50 mg 149
DM). The WO: powder was used as a combustion catalyst in a ratio of 1:1 (w/w). The 150
obtained sample/catalyst mixture was pressed into a tablet and placed in the automatic 151
sample feeder (carousel). The equipment was controlled in a computerized mode, and 152
VARIOEL V5.16.10 software was used for data processing. The results were expressed as 153
percentages of DM. Three repetitive analyses were performed for each sample. CI1 0.2% at 154
=0.05. 155

2.6.3. Macroelements and heavy metals determination 156

The contents of the K, Ca and heavy metals (Cd, Pb, and Hg) were determined by 157
ICP-MS analysis using a Thermo Fisher Scientific iCAP TQe (Bremen, Germany) fitted 158
with a nebulizer, a quartz spray chamber, with a sampling cone made of nickel, and a 159
skimmer cone with platinum tip, as described in Naccarato et al. [15]. A peristaltic pump 160
and an autosampler ASX-560 (both from Thermo Fisher Scientificc GmbH, Bremen, Ger- 161
many) were used to pump the solutions from the tubes. Following a 20 to 30 min period 162
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of ICP MS stabilization, the working capacity was adjusted before the analyses to maxim- 163
ize the signal and minimize interference effects by applying a tuning solution based on 164
the torch’s horizontal and vertical location, the extraction lens, and the CCT (collision cell 165
technology) focus lens. The highest purity argon and helium gas (99.99%) was employed 166
as the carrier gas at 0.8 mL/min in auxiliary flow, at 1.0 mL/min, and 5.3 mL/min in nebu- 167
lizer flow. Nitric acid (65%), Suprapur® for the trace analysis (Supelco), and hydrogen 168
peroxide (30%) were all used in the sample digestion process. Calibration curves for quan- 169
titative analysis were elaborated with the dilution of multielement solutions (10 mg/L); 170
Cd, Ca, Pb, K (10 mg/L, Merck, Germany); and Hg element solution (1000 mg/L, Merck, 171
Germany). The calibration standards, the procedure blanks, and the samples made up 172
each analysis batch. The weight of each sample was 100 mg. Most of the elements under 173
investigation were examined in kinetic energy discrimination mode (KED-mode) at the 174
operational helium gas collision cell. Each experiment was performed in triplicate. CI for 175
crude fat: CI 0.6% at =0.05; for ash and organic matter: CI<0.9% at a=0.05. 176

2.6.4. Humic substances and lignin determination 177

Humic substances were determined according to the recommendations of agricul- 178
tural chemical analysis. A 10 g dry fertilizer sample was weighed, and 200 mL of 0.5 M 179
NaOH was added, then shaken for 24 hours. Centrifugation was used to sediment the 180
insoluble humin, and all of the supernatant was transferred to a clean centrifuge tube. To 181
the supernatant, 6 M HCl was added to adjust the pH to 2.0. Centrifugation was thenused 182

to sediment the humic acid. 183
Lignin was determined by the Klason method (ISO/DIS 21436) [16]. 184
2.6.5. Evaluation of the porous structure of fertilizer 185

The porous structure (specific surface area, total volumes of micro- and mesopores, 186
and pore size distribution) was determined from isotherms of low-temperature adsorp- 187
tion-desorption of nitrogen at 77 K on a Nova 4200e device (Quantachrome, Boynton 188
Beach, FL, USA). 189

2.7. Field experiments with winter wheat and spring wheat growing 190

Field experiments were carried out in the 2023/2024 growing season (winter wheat 191
“Edvin”) and in 2024 (spring wheat “Robijs”) at the certified organic farming field (N 56° 192
69.275’, E 25° 14.173"). Meteorological conditions were characterised by measurements of 193
air temperature and rainfall compared with long-term values. Data were obtained from 194
the Skriveri Observation Station of the Latvian Environment, Geology, and Meteorology 195
Cent. The fertilizers were used for seed material treatment. The field experiments with 196
fertilizers were carried out in 2 options: FO- plot without fertilizer; F1-plot with fertilizer. 197
After harvesting, the grain was weighed, and grain purity and moisture content were de- 198
tected. 199

2.8. Characterization of wheat yield and grain quality 200

Yield-forming components were assessed at GS 87-89 of wheat. Plant samples col- 201
lected from each plot at two locations within 0.5 m? included the number of productive 202
tillers per 1 m? and the grain number per spike, calculated as the total number of grainsin 203
the plant samples divided by the number of productive tillers. The weight of 1000 grains 204
was measured following standard EN ISO 520:2011 “Cereals and Pulses,” using a 205
“Pfeuffer CONTADOR” seed counter and an electronic balance. 206

The quality indicators: protein content (%), gluten (%), Zeleny index, starch content 207
(%), volume weight for the crops studied using near-infrared spectroscopy (NIRS) with 208
analyzers Infratec TM NOVA. The falling number for winter wheat was determined by 209
the Hagberg-Perten method (ISO 3093: 2009). 210
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2.9. Field experiments with radish growing 211

The field experiments were conducted in 2023 at a certified biological field (56° 212
69.275' N, E 252 14.173") designated for scientific research. The test crop was the radish 213
variety "Rosso Tondo," suitable for autumn cultivation. The fertilizer experiments were 214
carried out with 2 treatments in four replications: FO—control plot without fertilizer; F1- 215
plot with fertilizer. Total yield, standard yield (healthy, uniform pulp, free of cracks, 216
empty or woody areas, ungrown sections, insect damage, and microbiological 217
contamination), the proportion of standard yield in total yield, and average weight were 218
measured. To evaluate the effect of seed treatment substrates on radish yield, a one-way 219
ANOVA was performed. Differences between treatments were tested with the Bonferroni 220
method at a 95% confidence level (p<0.05). Data were analyzed using the free software 221
"R," version 4.0.2. 222

2.10. Field experiments with dill growing 223

The field experiments were carried out in 2023 on a certified organic field (56° 69.275' 224
Z, E 25°14.173") designated for scientific research. The test crop was dill cultivar "Thalia". 225
The field experiments included four fertilizer treatments, each with four replications: FO— 226
control plot without fertilizer; F1-plot with fertilizer. The green mass of dill was harvested 227
63 days after sowing, according to Cabinet Regulation No. 461 "Requirements for Food 228
Quality Schemes, Their Implementation, Operation, Monitoring and Control Procedure” 229
[17]. The total yield of green mass was calculated in kg m=2. 230

2.10.1. Dill green mass extraction 231

Hydrophilic extracts of dill green mass were obtained using two ways: 1) extraction 232
at 50°C, 30 min with ethanol-water solution (1:1, v/v). The ethanol-containing extracts, 233
after ethanol evaporation, water extracts were freeze-dried to obtain dry extracts. The 234
yield of the dry extract is presented as a percentage of the dry mass (DM) of the biomass. 235
The results' confidence interval (CI) did not exceed 3% at a=0.05. 236

2.10.2. Dill extract characterization 237

The total polyphenol content of the extracts was quantified using the Folin-Ciocalteu 238
method with gallic acid as the reference compound [18]. An aliquot (1 mL) of the extract 239
was transferred into a test tube, followed by the additional 0f 5 mL of Folin-Ciocalteu 240
reagent and 4 mL of 7% aqueous sodium carbonate solution. The tube was vortexed and 241
placed in a water bath at 30°C for 1 hour. The absorbance of the mixture was recorded at 242
760 nm using a UV/VIS spectrometer (Lambda 650, Perkin Elmer, Inc., Waltham, USA) 243
against a blank containing 1 mL of the extraction solvent. The total phenolic content was 244
calculated as gallic acid equivalents (GAE) from a standard curve and expressed as mg 245
GAE/g extract. The final values were expressed as GAE, and the CI of the results did not 246
exceed 3% at a=0.05. 247

The total flavonoid content was determined according to the method described by 248
Shay et al. [19] with slight modifications, as follows. An amount of 10 mg of the extract 249
was dissolved in 25 mL of 50 % ethanol. Then, 0.4 mL of the extract solution was trans- 250
ferred to a 10 mL test tube containing 2 mL of distilled water. Subsequently, 0.12 mL of 251
5% sodium nitrite solution was added, and the mixture was incubated for 5 minutes at 252
room temperature. Next, 0.24 mL of 10% aluminum nitrate solution was added. After 6 253
minutes, 0.8 mL of 1 mol/L sodium hydroxide was added to the mixture. The absorbance 254
was measured at 420 nm. The absorbance of the mixture was recorded at 760 nm using a 255
UV/VIS spectrometer (Lambda 650, Perkin Elmer, Inc., Waltham, USA) against a blank 256
containing 1 mL of the extraction solvent. Results were expressed as milligrams of quer- 257
cetin equivalents (mg QE) per gram of dry weight (DW). 258
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The total content of PACs in the hydrophilic extracts was measured using the buta- 259
nol-HCl assay, with procyanidin dimer B2 as a reference compound, also following An- 260
dersone et al. [7]. 261

2.11. Field experiments with potato growing 262

The field experiments were conducted in 2024 on a certified organic field designed 263
for scientific research. Potato seed material was treated with the fertilizer at the time of 264
planting at a rate of 40 kg ha-l. The agrochemical characteristics of the soil were as follows: 265
pH 6.0, organic matter content 2.7 %, plant-available phosphorus 51 mg kg (low), and 266
potassium 67 mg kg1 (low). The field trials were arranged in four replicates. In 2024, the 267
potatoes were planted on May 15 and harvested on September 3. 268

2.11.1. Potatoes yield and quality 269

Potato tubers were sorted into three size fractions: small tubers (<35 mm), medium 270
tubers (35-55 mm), and large tubers (> 55 mm). Each fraction was weighed separately with 271
an accuracy of 0.1 kg. Tubers with visible external damage, including rotten ones, were 272
collected separately and weighed with the same accuracy. These were included in the 273
substandard yield (small tubers). Mechanically damaged tubers were included in the cor- 274
responding size fraction, in the total yield was calculated as a percentage. Medium and 275
large tubers were combined to form the commercial tuber fraction. Tuber yield at theend 276

of the growing season was calculated using the following formula: 277
R =(S+N)/L x 10, where 278
R - tuber yield at the end of the growing season (t ha™); 279
S — mass of commercial tubers at the end of the growing season (kg); 280
N — mass of small tubers at the end of the growing season (kg); 281
L — area of the plot (m?). 282
2.12. Field experiments with pine seedlings growing 283

Pine seedlings were grown in a forest on a prepared plantation, with fertilizer ap- 284
plied to each seedling. Their growth dynamics were assessed, measured by the length of 285
the aboveground part. 286

2.13. Statistical analyses of data 287

The analysis of variance by R-studio was used for statistical analysis of the experi- 288
mental data (yield forming compounds, yields). The Bonferroni test was used to compare 289
means at p<0.05. Significantly different values were labeled with different letters in super- 290
script (*P). If the effect of the studied factor was not significant (p>0.05), use the symbol 291
“n”. 292

3. Results and Discussion 293

3.1. Assessment of biomass as a potential source for PAC-rich extract isolation. 294
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To evaluate the potential of forest waste as a raw material for PAC extraction, branches 295
were collected during forest felling. These were chopped into chips and subsequently 29
crushed to a size of 1-2 mm. Due to its high selectivity towards polyphenolic compounds, 297
ethanol-water solution was used as the extractant. 298

S1 S2 S3 sS4 S5 S6 S7
Sample

M Yield of extract from biomass W PACs content in extract M Yield of PACs from biomass

299
Figure 2. Biomass characterization as PAC and extract source. For yield of extract 300
CI<0.5%, and for other experiments CI<0.1%, at a=0.05. 301

The extract yield from all studied biomasses ranged from 18% to 25%/DM. The content of =~ 302
the extract’s main target compound, PACs, was not lower than 28%/DM in six samples, 303
except for one with a PACs content of 16%/DM (57 sample). The highest PACs content 304
(41.8 %/DM) was found in pine bark collected in 2024 autumn. Sample S7 had a lower 305
PAC content, which is linked to the low bark proportion in the biomass. The many authors 306
show that the bark contains the highest PACs levels, which relate to their accumulation 307
under various stresses, such as low temperature, drought, injury, high light intensity, and 308
pathogen attack [20]. Several studies have reported that the bark of Pinus caribaea, Alnus 309
glutinosa, Alnus incana, Quercus robur L., and Pinus sylvestris L. are valuable raw materials 310
for producing PAC-rich extracts [21], [22], [23]. 311

3.2. Fungicidal activity of the extracts 312

Our preliminary studies indicate that PACs are powerful antioxidants. In addition, 313
PACs have antimicrobial effect properties, inhibiting bacteria (E. coli, B. cereus, S. aureus, 314
et al.) and fungi (C. albicans) [24], and anti-inflammatory properties [25]. Potential anti- 315
tumor effects have also been reported [26]. However, despite their fungicidal properties, 316
PACs do not always inhibit all fungal growth which could be connected with the presence 317
of polyphenolic glucosides. To evaluate the potential of PACs-rich extracts isolated from 318
forest waste biomass as antifungal agents, studies were conducted on the inhibition of 319
fungi such as Botrytis cinerea, Mycosphaerella sp., Heterobasidion annosum, and Heterobasidion — 320
parviporum. 321

Botrytis cinerea infects over 200 plant species, causing gray mold with a fuzzy gray 322
mycelium on surfaces. Globally, it causes annual economic losses ranging from 10 to 100 323
billion dollars [27]. Results showed that only the PACs-rich extract had fungicidal activity =~ 324
against B. cinerea. The fraction from which PACs was isolated (PACs free fraction) showed 325
no such activity comparing to the control. At a 2% concentration of PAC-rich extract, fun- 326
gal colonies after three days were 1.9 times fewer. Other studies have also shown that 327
PACs, especially those from grape seeds, have notable antifungal activity against B. 328
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cinerea. Polyphenol-rich extracts reduce the fungal mycelial growth and spore germina-
tion. For example, a bioproduct based on polymeric PACs from grape seeds exhibited a
moderate inhibition of B. cinerea with an ICsg in the range of 11.2-12.2 mg mL-" [28].

Days:
m2 3 m4 =5

0

2% of Control 2% of 2% of Control % of Control 2% 2% of
extract PACs-rich extract PACS rich extract PACs- nch extract
without extract without extract without extract without
PACs PACs PACs PACs
Botrytic cinerea MSCL 433 Mycosphaerella sp. MSCL 858 Heterobadidion annosum MSCL 1020 Heterobasidion parviporum MSCL
980

Figure 3. Fungicidal activity of extract samples.

Septoria tritici leaf blotch, caused by Mycospharella sp., is a major wheat disease
worldwide, causing up to 50% yield loss annually in many regions [29]. All samples con-
taining oligomeric and low molecular weight polyphenols and their glycosides showed
antifungal effects against Mycospharella. At a 2% concentration, they reduced fungal col-
onies by 1.2-1.5 times over six days.

Conifer root and butt rot, caused by the basidiomycete Heterobasidion annosum (H.
annosum), is a serious disease affecting many conifer species and representing a major
threat to commercial forestry. It attacks roots, butts, and stems (trunk). Infection levels
are high in continental Europe. It affects up to 25% of Norway spruce (Picea abies) in
Scandinavia, causing annual losses in the hundreds of millions of euros [30]. Both sam-
ples showed fungicidal activity against the fungus, with the PAC-containing sample be-
ing more effective. Similar activity was observed against Heterobasidion parviporum, a
significant wood decayer causing white rot at the roots and base [31].

The minimum inhibitory concentration (MIC) and minimum fungicidal concentration
(MFC) were determined for three samples: 1) isolated PACs from the extract; 2) extract
with PACs content 36% PACs/DM,; 3) the fraction remaining after PACs isolation, con-
sisting predominantly of low molecular weight polyphenols. The results showed that in
the experiment of MIC/MFC (Table 3) all samples exhibited fungicidal activity. Com-
pared to isolated PACs, the PACs-rich extract was more effective against Botrytis cinerea,
Heterobasidion annosum, and Heterobasidion parviporum. The enhanced activity is associ-
ated with the presence of other polyphenols, such as flavonoids, in the extract. The frac-
tion lacking PACs was less active, indicating the significant role of PACs in the fungi-
cidal activity against pathogenic fungi.
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Table 3. Minimum inhibitory and fungicidal concentration of samples

Sample

PACs

PACs-rich extract
Fraction without PACs

Botrytis ci- Mycosphaerella ~ Heterobasidion anno-  Heterobasidion parvi-
nerea sp. sum porum
MIC/MEC, mg/ml
25/50 25/50 12.5/12.5 12.5/12.5
12.5/25 25/50 6.25/12.5 6.25/12.5
12.5/25 25/50 25/50 25/50

3.2. Raw material and fertilizer composition characteristics.

An analysis of raw materials was conducted to prepare the fertilizer. Elemental anal-
ysis shows that the biomass is rich in carbon (56%/DM) and low in nitrogen (1-3 %/DM).
Sea buckthorn berry squeezing remainders is high in vitamins, micro- and macro-ele-
ments, with 2.4%/DM nitrogen, 1.1%/DM phosphorus, and 2.2%/DM potassium. It also
contains 89%/DM organic matter, making it a valuable organo-mineral component for
natural fertilizers. While the extract statistics on sea buckthorn berry squeezing remain-
ders amount in Latvia are unavailable, estimates suggest an annual range of 1440 to 1920
tons [29]. This represents a significant resource for agriculture and industry. Sapropel was
used as a humic substances-containing component, with an organic content of about 94%,
including 26% humic acids and 8% fulvic acids. Latvia’s sapropel reserves are estimated
at approximately 190 million tons. This is a rich, organic-rich sediment with high nutrient
levels. The obtained fertilizer was characterized using infrared spectroscopy (FTIR) (Fig.
4).

45

4500 4000 3500 3000 2500 2000 1500 1000 500 0
cml

Figure 4. FTIR spectra of fertilizer

The FTIR spectrum of the obtained fertilizer shows complex functional groups char-
acteristic of lignocellulosic and mineral-organic matrices: a broad band from 3200-3600
cm? indicating hydroxyl groups; peaks at 2920 cm? and 2850 cm related to C-H vibra-
tions; a band near 1700 cm! for C=O groups; signals around 1600-1650 cm™ indicating
aromatic C=C or phenolic OH; an absorption near 1000-1100 cm™ correspond to C-O-C
and Si-O vibrations, confirming silicon incorporation. Signals in the 800-500 cm™ range
relate to are associated with Si-O deformation and aromatic ring bending. Overall, FTIR
confirms the fertilizer has a complex structure of organic and inorganic components that
support soil stabilization and nutrient retention. Moisture content was low (6.4+0.1), en-
suring good storage stability. Dry matter was 94.0+0.1%, with a high organic matter

358

359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

374
375

376
377
378
379
380
381
382
383
384
385
386



Forests 2025, 16, x FOR PEER REVIEW

11 of 16

content of 92.8+1.4%, reflecting the organic nature of the materials. Lignin was significant
at 38.5+0.5% (Klason lignin), aiding structural stability and soil conditioning. Humic acids
were 4.3+0.1%, adding to the potential for improving soil fertility, nutrient retention, and
biological activity. The fertilizer contained 2.35+0.02% total nitrogen, essential for plant
growth. Levels of phosphorus (0.6+0.1%) and potassium (0.4+0.1%) were low, so it may
primarily serve as an organic amendment or be combined with mineral I and K sources
for balanced fertilization. Heavy metal analysis showed low contamination: mercury was
below detection (<0.2 mg kg), arsenic measured at 0.17+0.02 mg/kg, and cadmium at
1.13+0.09 mg/kg, within regulatory limits (<0.2 mg kg?). The pH was moderately alkaline
at 8.7, beneficial for neutralizing acidic soils. The product complies with Cabinet of Min-
isters Regulation No. 506 on fertilizer standards, with no detected lead Pb. The fertilizer
is rich in organic and lignocellulosic matter, with moderate N and Si and low contami-
nants, making it an eco-friendly soil conditioner within a circular bioeconomy.

BET surface area was 0.87 m? g-' with a pore volume of 2.48 mm? g-! (Fig. 5), indicating
a moderately porous structure that supports moisture retention and aeration, aiding root
growth and microbial activity. These properties facilitate nutrient release and improve

fertilizer efficiency in the field.
1.77 N
1.60 L2
EJ', 120 : g '
% i
=
o "
o 080 ;
E
g
0.40 i s
s
000 R
0.00 0.40 0.80 110
Relative Pressure, P/Po
Figure 5. Total Pore Volume data of fertilizer
3.3. Impact of Fertilizer on Radish Growth
Radish was harvested 36 days after sowing. The yield ranged from 1.99-2.67 kg m?, sig-
nificantly influenced by the seed treatment. Seed treatment with fertilizer increased the
radish yield.
Table 4. Fertilizer effect on radish crop
) Total yield of radish,  Standard yield of  Standard yield, % of to- AVerage weight
Plot variant . c of radish, g
kg m radish, kg m- tal radish yield !
FO 199 1.62a 81 10.6a
F1 2.67b 2.25b 84 13.4b

3.4. Impact of Fertilizer on Dill Growth

The dill green mass yield ranged from 0.90 to 1.32 kg m2 (Table 5). Compared to the
control (untreated soil), the yield increased significantly only after soil treatment with
fertilizer (RSo.0s = 0.27 kg m-2).
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Table 5. Fertilizer effect on dill green mass yield

410
T

420 . . The above-ground part of the dill
. Total yield of dill green
Plot variant green mass from the total mass of
422 mass, kg m2
the plant, %
FO 0.93 86.3
F1 1.32a 88.2

The total polyphenol content in 50% EtOH extracts from dill grown in the FO plot was
60.1 mg GAE per gram of dry extract, while in the F1 plot it was 65.0 mg GAE per gram
of dry extract. The total flavonoid content in the same extracts was 42.7 mg RU g-'and 46.8
mg RU g of dry extract, respectively. The 50% EtOH extracts ranged from 42,7 to 46,8 mg
RU per gram of dry extract. The presence of condensed tannins in the extracts was not
detected. Since polyphenols are known antioxidants, an increase in their content in the
extract- and consequently in the biomass-demonstrates that the fertilizer affects not only
the yield, but also enhances the quality of dill and its potential health benefits as a natural
antioxidant source.

3.4. Impact of Fertilizer on Potato Growth

The total potato yield ranged from 13.93 to 20.01 t ha', considered average for the local
conditions. The proportion of commercial tubers was high, between 84.9% and 88.5%. Pre-
treating seed potatoes with the firtilizer increased total yield and the part of commrcial
tubers. The heaviest commercial tubers averaged 76.8 g, indicating improved tuber size.
These results suggest that fertilizer uze can enhance the economic return of potato farming
by increasing high-quality produce.

Table 6. Fertilizer effect on potato yield and quality

Commercial produc-

] Fraction yield, t ha!
. tion
. Total yield, t
Plot variant ha .. Tubers, 35-55 Tubers, > 55
a Tubers, <35 mm in di- ..
t ha1 % mm in diame- mm
ameter . .

ter in diameter

FO 13.93b 11.83b 84.9 2.10 10.24 1.59

F1 20.01a 17.20a 86.0 2.81 13.60 3.60

3.5. Impact of Fertilizer on Wheat Growth
Spring wheat yield ranged from 2.82 to 3.85 t ha' (Table 7), considered average. Seed
treatment with fertilizer increased yield. Hot and dry weather also affected grain quality.
Despite good protein (12.4-13.5%) and gluten (23.1-26.4%) content, the bulk density of the
harvested grain was low (<730 g L-1).

Table 7. Fertilizer effect on spring wheat yield and quality

Protein con-

Yield of Vol
Plot variant vzljaf: tent in Gluten con- Starch con- Zeleny in- w(::iurlfte Falling
t ha ’ grain, tent, % tent, % dex, mL o f_l ! number, s
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FO 2.82b 13.5 25.7 65.9 51.86 726.6 300
F1 3.43a 124 23.1 67.0 43.11 729.0 292
3.6. Impact of Fertilizer on Pine Seedling Growth
The effect of the fertilizer on the growth of pine seedlings was assessed 18 months after
planting one-year-old pine seedlings. The results show that soil treatment with the
fertilizer significantly enhanced pine seedling growth (Fig. 6).
40
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Figure 6. Fertilizer effect on pine seedlings (PS) growth: FO — forest plot without fertilizer; F1 — forest plot with fertilizer

4. Conclusions

The study shows that forest biomass and agricultural residues can be effectively used
to produce PACs-rich extracts and eco-friendly fungicides and fertilizers within a circular
bioeconomy. Bark, in particular, shows strong potential as a source of PACs, with notable
antifungal activity against Botrytis cinerea, Mycosphaerella sp., Heterobasidion annosum, and
Heterobasidion parviporum. PACs-rich extracts inhibited fungal growth, confirming their
value as natural antifungal agents. The remaining forest waste biomass after extraction
was successfully combined with sea buckthorn berry squeezing remainders and sapropel
to create a fertilizer with high organic content. Characterization revealed favorable phys-
ical and chemical properties, including good porosity, organic matter, important for nu-
trient retention. Application of this fertilizer improved the growth and yield of radish,
dill, potatoes, and wheat in field trials, demonstrating its agronomic effectiveness. The
results support the feasibility of integrated biomass valorization for producing bioactive
extracts and sustainable fertilizers, contributing to resource-efficient agriculture and plant
protection.
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Methods ' ' ' . L 3212 3_21ah3_24ab3.43
Field experiments were carried out in 2023/2024 growing season B 30 | 2822
(winter wheat ‘Edvins’) and in 2024 (spring wheat ‘Robijs’) at the ; 2' 5
certified organic farming field (N 56° 69.275 , E 25°14.173). g 2'0
The control variant and three variants of organo-mineral soil E 15
amendments, containing inorganic oligomer in various mass ratio, (E 1.0
were tested: S1 — without soil additive; S2 — soil additive with 5% of 0.5
Si; S3 —soil additive with 10% of Si and S4—soil additive with 15% i
of Si. 51 82 83 84|81 82 83 54
Soil amendments were obtained based of forest logging residues- Winter wheat Spring wheat
lignocellulosic biomass, after isolation of polyphenols by water
extraction and enrichment with silicon (Si), included the content of Fig. 1. The grain yield of wheat, t ha"!
polyphenolic compounds. The soil amendments were used for seed S1 — without soil additive; S2 — soil additive with 5% of Si, S3 — soil
material treatment. additive with 10% of Si; S4 - soil additive with 15% of Si; » - effect of

studied factors was not significant (p>0.05) for winter wheat, 2 -

L . o
The grain yield were recalculated to standard moisture (14%) and effect of studied factors was significant (p<0.05) for spring wheat

100% purity.

. . . w5 025
Yield-forming components were determined at growth stage (GS) T'C: = 0.20 0:19
87-89 of wheat according to BBCH scale: number of productive . £ 020 0.14 — 017 019
tillers per 1 m?, grain number per ear and weight of 1000 grains. :g fg 0_15_0 14 0.14 : 15
Chemical characterization of grain Analytical pyrolysis of wheat g —é 015 0.12 130.13
samples was performed using Frontier Lab Micro Double-shot 225 pi0
Pyrolyser Py-2020iD directly coupled with gas chromatography- g g
mass spectrometer Shimadzu GC/MS/FID-QP ULTRA 2010 %ﬂ:. 005
(Shimadzu, Kyoto, Japan). The individual compounds were < o
identified based on GC/MS using Library MS NIST 11 and NIST = 'E- 0.00
11s. The relative area of the peak of individual compounds was E £ 51 52 53 54
calculated using Shimadzu software based on GC/FID data. The - O 1.4-Benzenediol
variation coefficient of the measurement was < 3%. O Phenol 3-and 4 methyl-

E Phenol

Fig. 2. Analytical pyrolysis data of phenyl and benzyl-derived

volatiles of wheat samples: S1 — without soil additive; S2 — soil

additive with 5% of Si, S3 — soil additive with 10% of Si; S4 - soil
CONCLUSIONS additive with 15% of Si

In variant with the highest tested concentration of inorganic oligomer, a trend towards yield growth for wheat can be observed(increase of
productive tillers).

The study's results showed a positive effect of the soil additive (S2-S4) on the content of biologically active compounds in wheat samples.
The higher content of phenyl and benzyl derivatives in wheat grains may indicate an increased content of phenolic acid, flavonoids,
benzoquinone compounds, etc., —compounds with documented antitumor and immunostimulating properties.

The obtained results show that the treatment of seed material with promotes plant growth and development, researches should be
continued.

Acknowledgement: Rural Support Service of the Republic of Latvia, European Agricultural Fund for Rural Development (EAFRD),
Measure “Cooperation”, project No. 23-00-A01612-000008 “Wasteless application of residual logging biomass for obtaining of
environmentally friendly plant protection products and soil additives”.
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Abstract. The purpose of this work was to evaluate the impact of low rates of application of organo-mineral soil amendments based on forest logging residues — lignocellulosic
biomass, after isolation of polyphenols and enrichment with silicon (Si)-containing inorganic oligomer, on yield and composition of green mass of dill grown under organic farming
conditions. Lignocellulosic biomass is rich in polyphenols which can damage the functionality of the bacterial cell membranes thus inhibiting the growth of soil microorganisms.
Polyphenols can be evaluated in further studies for their potential to protect plants from pathogenic microorganisms. The influence of the prepared soil amendments on soil
microorganisms was tested. It was shown that soil amendments have a beneficial effect on the yield (42%) and a slight influence on the composition of dill at low amendment
application rates. The addition of soil amendments also contributed to insignificant changes in the amount of polyphenols. The soil amendments didn’t influence the soil
microorganisms under study. The results confirmed the ability of the soil amendments based on the forest logging residues to activate dill growth.

Methods Results

Plant Material. Forest logging residues were collected in summer 2023, The Yield of Dill Green Mass was 0.90 — 1.32 kg m2. It increased significantly only after soil treatment
from Jelgava county of Latvia, Cenu parish. The residues were dried at with SA1 (RS, s = 0.27 kg m) the yield of green mass at other treatment options (SA2 and SA3) was
room temperature and ground in a mill (Cutting Mill SM100, Retsch, within the confidence interval (CI).
Haan, Germany) until the particle size of <2mm. Analytical Pyrolysis (Py-GC/MS/FID) data of dill biomass represent volatiles formed from cellulose,
Preparation of Soil Additives. Soil additives were obtained on the basis hemicellulose, lignin, proteins, and extractives. Aliphatic acids and esters, aliphatic alcohols, aliphatic
of hardwood chip biomass after extraction of polyphenols, by modifying aldehydes, ketones, furan and pyran derivatives, cyclopentane derivatives, and sugars attributed to
the biomass after extraction with a Si-containing component. carbohydrates-derived volatiles represented 50.5-59.6% of the total dill biomass volatile organic products
Field Experiments were carried out in 2023 at a certified biological field (Fig. 1). Nitrogen-containing compounds in dill were 17.8-22.1% of the total organic volatiles (TOV).
(56°69.275' Z, E 25° 14.173"), with the test crop - the dill "Thalia®, in 4 The content of aliphatic and cyclic monomer derivates ranged from 11.0 to 13.9%/TOV. Relative
options: proportion of guaiacyl-type derivatives attributed to lignin-derived volatiles was 0.9-1.1 %/TOV (Fig. 2).

1. Reference plot (without soil additive); 15

2. Soil amendment SA1 (biomass after extraction + 15% Si on DM); 80.0

3. Soil amendment SA2 (biomass after extraction + 10% Si on DM); ';3 00 1o

4. Soil amendment SA3 (biomass after extraction + 5% Si on DM). £ 08
Green mass of dill was harvested 63 days after sowing, according to MK é 06

No. 461. Total yield of green mass was calculated as kg m2 (Fig. 1).
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organic volatiles, % rel
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&
g
&
2
&

Proportion in biomass derived

compounds cyclic 0.0 5
AIOHOMETS Control SAl SA2
@Control MSAL WSA2 WSA3 BGuaiacyl derivates M Guaiacol B p-Vinylguaiacol
Fig. 1. Py-GC/MS/FID data of dill biomass- Fig. 2. Py-GC/MS/FID data of dill biomass-
derived organic volatiles derived lignin-derived volatiles.

The total polyphenol-derived volatiles content in dill biomass composition ranged from 11 to 14 %/TOV.
The content of phenolic and benzyl derivatives formed from various phenolic extractives had similar
content and proportions of chemical compounds between treated and control dill samples within the CI.

Dill Green Biomass Characterization: by Py-GC/MS/FID Analysis on Total Polyphenols (TP) and Functional OH Groups in Dill Biomass. TP content in 50% EtOH extracts

Frontier Lab Micro Double-shot Pyrolyser Py-2020iD coupled with ranged from 60.1 to 65.0 mg GAE per gram of dry extract. The total polyphenol content in water extracts
Shimadzu GC/MS/FID-QP ULTRA 2010 (Shimadzu, Kyoto, Japan), was slightly lower comparing to the extracts isolated by 50% EtOH (42.3 —52.8 mg GAE/g extract).
identification of the individual compounds - using Library MSNIST 11. The total flavonoid content in 50% EtOH extracts ranged from 42.7 to 46.8 mg RU per gram of dry
Preparation and Yield of the hydrophilic extracts of dill green extract. The condensed tannins in the dill extracts were not found.

mass: 1) at 50°C, 30 min using ethanol-water solution (1:1, v/v) or The composition of functional groups differed slightly. The effect of fertilizers on the content of total
50% EtOH; 2) at 50°C, 30 min using distilled water. The yield of the hydroxyl groups (OH) in the composition of dill was similar to their influence on the amount of total

dry extract is presented as a percentage based on the dry mass (DM) polyphenols. The total content of OH groups was slightly lower in the control sample. An increased

of biomass. Confidence interval CI <<% at ¢=0.05. content of acetyl groups and aliphatic OH groups in dill grown on treated soil (SA1-SA3) could indicate
Total content of polyphenols in the extracts: by Folin-Ciocalteu method to an increased content of fatty acids and aliphatic compounds in dill composition (Fig. 3). These results

(gallic acid as a reference compound - RC). Total content of flavonoids: are consistent with the Py-GC/MS/FID data.
by a colorimetric assay (rutin as RC). Total content of condensed 16
tannins: by the butanol-HC] assay using procyanidin dimer B2 as RC. "

Determination of the Number of Functional Groups in the Biomass: :
aliphatic hydroxyl groups OH s(aliphatic), phenolic hydroxyl groups OH
(phenol), and carboxyl groups (COOH) were determined using the I

12
10
6
S .
potentiometric and conductometric titration (InoLab level 3, Germany). ; I l §E §E = -

OH (phenol) OH (COOH) OH (total) OH (acetyl) OH (aliphatic)

%/DM of biomass
o

Antimicrobial Properties: Minimum inhibitory concentration (MIC)
and minimum bactericidal/fungicidal concentration (MBC/MFC) of the
soil amendments, mg mL-!, were tested on the pathogenic soil bacteria

= Control mSD1 ®SD2 =SD3

Fig. 3. Soil additive effect on dill functional group composition

Pseudomonas syringae pv. syringae MSCL 894, Erwinia rhapontici Antimicrobial Properties of Soil Amendments. The analysis of the anti-microbial properties of the soil
MSCL 651, and fungi Fusarium culmorum MSCL 1628, and amendments showed that they do not have detected antimicrobial activity (or MIC >50 mg mL!) against
Verticillium dahliae MSCL 863. the pathogenic soil bacteria Pseudomonas syringae pv. syringae MSCL 894, Erwinia rhapontici MSCL

651, and fungi Fusarium culmorum MSCL 1628, and Verticillium dahliae MSCL 863. This may be
ACKNOWLEDGEMENT: Rural Support Service of the Republic of indirect confirmation that polyphenols, which had proven antimicrobial activity in our previous studies,

Latvia, European Agricultural Fund for Rural Development (EAFRD), and which were separated from the forest biomass residues before preparation of the soil amendments,
Measure “Cooperation”, project No. 23-00-A01612-000008 “Wasteless have a key role in antimicrobial effect. At the same time, such absence of antimicrobial activity of the
application of residual logging biomass for obtaining of environmentally studied soil additives could be considered positive for the beneficial soil microorganisms. It can be
friendly plant protection products and soil additives” concluded that the soil amendments based of the forest logging residues could be used for the creation
of organo-mineral fertilizers and have positive effect on the yield of dill.
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Projekta nosaukums: Bezatlikuma mezZizstrades biomasas izmantosana
videi draudzigo augu aizsardzibas lidzeklu un augsnes piedevu ieguvei

APP Latvijas Valsts koksnes kimijas institiits (vadoSais partneris)
ZINATIBA

AUGSNES PIEDEVAS EFEKTIVITATE DARZENU UN PRIEZU SEJENU
AUDZESANA

AUGSNES PIEDEVA: mezizstrades atlikums bagatinats ar smiltsérksku ogu izspiedam un
silicija (Si) saturoSo kompleksu (15% uz kop&jo masu).

AUGSNES PIEDEVAS DEVA: 40 kg/ha.

EFEKTIVITATES NOVERTEJUMS:

1)

2)

3)

4)
5)

6)

Ziemas un vasaras kvieSu s€klu apstrade ar augsnes piedevu biitiski palielinaja graudu
razu salidzinajuma ar kontroli (1. tabula).

Kartupelu seklas materiala apstrade ar augsnes piedevu biitiski palielinaja koprazu, gan
precu produkcijas iznakumu. Noverots ar1 razas pieaugums partikas kvalitates frakcijas (2.
tabula).

Redisu seklu apstrade ar augsnes piedevu palielinaja redisu kop€jo razu un standartrazas
(t.1 redisi bez plaisam, tukSumiem un kukainu bojajumiem) iznakumu no kop€jas razas
(3.tabula)

Dillu seklu apstrade ar augsnes piedevu palielindja kop€ja zalas masas razu un lapu virsmu
no kop@jas augu masas (4. tabula).

Augsnes piedeva pozitivi ietekmé€ja prieZu s€jenu augsanu, palielinot gan virszemes dalas,
gan saknu garumu visa noveroSanas perioda salidzinajuma ar kontroli (5. tabula).
Augsnes piedevas pozitiva ietekme smiltsérksku spraudinu apsaknoSanos netika novérota.

Projekta numurs: 23-00-A01612-000008
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REZULTATI:

1. tabula. KvieSu raza

Zi kvie$ du raza, t
Varianti femas Vlelslz girau 1 raza, Vasaras kvieSu graudu raza, t ha-1
Kontrole 2.97n 2.82b
Piedeva 3.21In 3.43a

n — statistiski biitiskas atSkiribas nav konstatetas (p>0.05)
a,b — statistiski buitiskas atSkiribas starp seéklu apstrades variantiem (p<0.05).

2. tabula. Kartupelu raza un kvalitate.

" 9 . <35 > 55
Koprasa Precu Precu Precu mm 35-55 mm
Variants praza, produkcija, | produkcija, bumbula " | mm, t ha- ’
t ha-1 ’ t ha-1 t ha-1
t ha-1 % svars, g% 1
Kontrole 13.93b 11.83b 84.9 73.5 2.10 10.24 1.59
Piedeva 20.01a 17.20a 86.0 76.8 2.81 13.60 3.60

a,b — statistiski biitiskas atSkiribas starp séklu apstrades variantiem (p<0.05).

3. tabula. Redisu raza

N Standartraza
Variants Kopgja raza, Standartraza, kg Vidgjais svars,
i} % no kopgjas
kg m-2 2 razas ¢

Kontrole—

controlebez ) o9, 1.62a 81 10.6a
s€klu apstrades
A

IBSIES 2.67b 2.25b 84 13.4b
piedeva

a,b — statistiski biitiskas atkiribas starp séklu apstrades variantiem (p<0.05).
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4. tabula. Dillu raza

L : k —_—
Variants Kopégja zalas masas raza, kg m-2 apu V;rsma no kopejas auga
masas, %
Kontfole—bez seklu 0.93 063
apstrades
Augsnes piedeva 1.32a 332

a,b — statistiski biitiskas atsSkiribas starp séklu apstrades variantiem (p<0.05).

5. tabula. Priezu sgjinu augSana

Ilgums Vidgjais PS | PS saknu | Vidgjais PS | PS saknu
virszemes dalas | garums, cm virszemes dalas | garums, cm
garums, cm garums, cm

Kontrole Augsnes piedeva

3 ménesi 11+2 164 18+2 30+2

6 ménesi 2343 28+5 28+3 3443

9 ménesi 26+4 30+6 34+4 37+6

12 ménesi 3543 3242 42+6 48+3

18 ménesi 42+4 3642 5145 52+4

SECINAJUMS:

Augsnes piedeva, kas izstradata no mezizstrades atlikumiem un bagatinata ar smiltsérksku
izspiedam un siliciju, bitiski uzlaboja vairakus augu augSanas un razas raditajus, tostarp graudu
razu, saknu attistibu un kop€jo biomasu. Visas kultiiras (kviesi, kartupeli, redisi, dilles un priede)
noverota pozitiva ietekme, 1pasi agrinas attistibas stadijas. Tas apliecina piedevas potencialu ka
efektivu, videi draudzigu lidzekli biologiskaja lauksaimnieciba un mezsaimnieciba.
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Vairak informacijas par projektu skatit APP Latvijas Valsts Koksnes kimijas institiita
timekla vietné:

https://kki.lv/zinatniska-darbiba/projekti/bezatlikuma-mezistrades-biomasas-izmantosana

Vairak informacijas par Eiropas Lauksaimniecibas fondu lauku attistibai pieejams Eiropas
Komisijas timekla vietne:

http://ec.europa.eu/agriculture/rural-development-2014-2020/index lv.htm
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Projekta numurs: 23-00-A01612-000008

Projekta nosaukums: Bezatlikuma mezZizstrades biomasas izmantosana
videi draudzigo augu aizsardzibas lidzeklu un augsnes piedevu ieguvei

APP Latvijas Valsts koksnes kimijas institiits (vadoSais partneris)

ZINATIBA

AUGU AIZSARDZIBAS LIDZEKLA EFEKTIVITATE KVIESU UN PRIEZU SEJINU
AIZSARDZIBA NO PATOGENIEM MIKROORGANISMIEM UN KAITEKLIEM

PREPARATS: mezizstrades atlikumu proantocianidinu saturo$s ekstrakts.
KONCENTRACIJA: 2% $kidums.

PAC SATUROSA EKSTRAKTA DARBIBA MIC/MFC (MINIMALA INHIBEJOSA
KONCENTRACIJA UN MINIMALA FUNGICIDA KONCENTRACIJA:

1) Botrytis cinerea 25/50mg/mL;
2)Mycosphaerella sp. 25/50 mg/mL;
3)Heterobasidion annosum 12,5/12,5 mg/mL,;
4)Heterobasidion parviporum 12,5/12,5 mg/mL.

Polifenolu kompleksa un proantocianidinu testéeSana kvieSu aizsardziba no patogeéniem
mikroorganismiem un kaitekliem.

Preparats tiek izsmidzinats vasaras kvieSu karoglapas paradiSanas Iidz attistitas karoglapas faze
(37.-39. AE) 15.06.2024.

Izméginajuma veértéta inficéSanos ar lapu slimibam: kvieSu lapu dzeltenplankumainibu (ieros.
Pyrenophora tritici-repentis), brino rusu (ieros. Puccinia recondita) un graudzalu miltrasu (ieros.
Blumeria graminis).

Lapu slimibu attistiba vértéta dabigas infekcijas fona piecas reizes vegetacijas laika, vizuali
nosakot slimibas attistibas pakapi visa izméginajumu laucina katra atkartojuma. Lai gan pirmas
kviesu lapu dzeltenplankumainibas pazimes (kontroles variantos — 0.1%) uz augiem noveéroja jau
kvieSu stiebroSanas fazes sakuma, strauja slimibas attistiba sakas piengatavibas sakuma.

Saja vegetacijas perioda vasaras kvieSos domingjo3a slimiba bija briina riisa. Slimibas ietekmé
samazinas fotosintiz&josa virsma, [idz ar to samazinas auga garums un graudu raza. Briinas riisas
simptomi paradijas karoglapas plaukSanas laika, turpmakajas kvieSu attistibas fazes slimibas
attistibas pakape strauji pieauga. Piengatavibas laika briinas riisas simptomi bija sastopami pat uz
karoglapas, atseviskam lapam parklajot virsmu I1idz pat 75%.
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Graudzalu miltrasu kvieSu s€jumos Latvija konstate katru gadu, tacu tas attistibas pakape s¢jumos
neparsniedz 2% un bitiski razu neietekm€. Optimala temperatiira konidiju digsanai ir +10...+20
°C, tacu tas digst daudz plasaka temperaturas amplitiida no +5...+30 °C. Patog€na attistibai svarigs
ir gaisa mitrums, jo konidijas digst bez briva idens — optimalais gaisa relativais mitrums ir 95%.
Vasaras kvieSos graudzalu miltrasa konstatéta karoglapas plauksanas laika uz apaksgjam lapam
(visos variantos 0.1%). Ar1 velakas uzskaites konstatéta slimibas izplatiba, tacu tas attistibas
pakape nepieauga un slimibas simptomi bija sastopami tikai uz apaksgjam lapam.

Briina rusa (ieros. Puccinia recondita) un kviesu lapu dzeltenplankumainiba (ieros. Pyrenophora
tritici-repentis) uz vasaras kviesu lapam piengatavibas laika, kur lietoti PAC preparati, nenovéroja
butisku preparata ietekmi uz lapu slimibu attistibas pakapi, Iidz ar to Preparata lietoSanas tehniska
efektivitate bija zema (0-5%).

Polifenolu kompleksa un proantocianidinu testéSana prieZu s€jinu aizsardziba no
patogeéniem mikroorganismiem un kaitékliem.

Priezu s&jini tika apsmidzinati reizi ménesi, sakot no vegetacijas perioda sakuma. Vizuali tika
noverots s€jenu veselibas stavoklis, ipaSu uzmanibu pieverSot slimibas pazimém vai kaiteklu
bojajumiem. Tomér parbaudes perioda netika konstat€tas atSkiribas starp apstradatajiem un
kontroles augiem, visas s€jenu grupas saglabajas veseligas un bez redzamam infekcijas vai
kaiteklu pazimém. Lidz ar to efektivitates novérojums $aja posma nebija iespgjams. Sie rezultati
norada, ka turpmakajos testos biitu lietderigi veikt izm&ginajumus apstaklos ar paaugstinatu
infekcijas fonu vai maksligi infic€t augus, lai pilnvertigi novertetu preparatu aizsargajoso efektu.

SECINAJUMI:

Mezizstrades atlikumu izcelsmes proantocianidinu saturoSais preparats uzradija fungicido
aktivitati laboratorijas apstaklos (in vitro), ar MIC/MFC raditajiem no 12,5 lidz 50 mg/mL pret
vairakiem nozimigiem patog€niem, tostarp Botrytis cinerea, Mycosphaerella sp., Heterobasidion
annosum, Heterobasidion parviporum. Tas liecina par preparata potencialu ka dabigas izcelsmes
fungicidu.

Tomer laika apstaklos, apsmidzinot vasaras kvieSus no karoglapas veidoSanos lidz pilngatavibai,
preparats neuzradija biutisku efektivitati pret galvenajam lapu slimibam-brina riisa, lapu
dzeltenplankumainiba un miltrasa. Preparata lietoSanas tehniska efektivitate neparsniedz 0-5 %,
kas liecina paz zemu aizsargojoSo iedarbibu dabigas infekcijas apstaklos.

Lidzigi arf testos ar priezu s§jeniem, kas tika apsmidzinati reizi ménesi vegetacijas perioda, netika
noverotas atskiribas starp apstradatajiem un kontroles augiem. Visi augu saglabajas veseli un bez
redzamam slimibas vai kaiteklu pazimém. Lidz ar to $aja posma efektivitates noveértejums nebija
iesp&jams.
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Vairak informacijas par projektu skatit APP Latvijas Valsts Koksnes kimijas institiita
timekla vietné:

https://kki.lv/zinatniska-darbiba/projekti/bezatlikuma-mezistrades-biomasas-izmantosana

Vairak informacijas par Eiropas Lauksaimniecibas fondu lauku attistibai pieejams Eiropas
Komisijas timekla vietne:

http://ec.europa.eu/agriculture/rural-development-2014-2020/index lv.htm
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Projekta numurs: 23-00-A01612-000008

Projekta nosaukums: Bezatlikuma mezZizstrades biomasas izmantosana
videi draudzigo augu aizsardzibas lidzeklu un augsnes piedevu ieguvei

AICINAM PIEDALITIES APP LATVIJAS VALSTS KOKSNES KIMIJAS INSTITUTA
RIKOTAJA TIESSAISTES SEMINARA!

APP Latvijas Valsts Koksnes kimijas institats 2025.gada 11.julija plkst. 15.00 organize
tieSsaistes seminaru, kura interesentiem tiks prezentéti LAD projekta "Bezatlikuma mezizstrades
biomasas izmantoSana videi draudzigo augu aizsardzibas lidzeklu un augsnes piedevu iegtvei"
(ID nr. 23-00-A01612-000008) rezultati un projekta Tstenosanas laika paveiktais.

TieSsaistes seminars biis pieejams interneta timekla vietnes ZOOM platforma
(https://www.zoom.com):

Topic: LAD projekts "Bezatlikuma mezizstrades biomasas izmantoSana videi
draudzigo augu aizsardzibas lidzeklu un augsnes piedevu iegiivei”

Time: Jul 11, 2025 03:00 PM

Join Zoom Meeting (interneta timekla vietnes links tieSsaistes seminaram):
https://us0Sweb.zoom.us/j/87432440655?pwd=CahRT7DINewpcltd0Sda7eH
q98aBlj.1

Ja rodas jautajumi, liidzu, sazinieties ar projekta komandas parstavjiem:

e Projektu vaditaja Sarmite Janceva: sarmite.janceva@kki.lv
e Projekta vadosa pétniece: Anna Andersone, anna.andersone@kki.lv
e Projekta koordinators: Gints Rieksts, gints.rieksts@inbox.com
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Isuma par pasu projektu “Bezatlikuma meZizstrades biomasas izmantosana videi draudzigo augu
aizsardzibas lidzeklu un augsnes piedevu ieguvei” (Projekta numurs: 23-00-A01612-000008):

oH

J Lo Projekta piedalas Eiropas Inovaciju partneribas lauksaimniecibas razigumam
B T g un ilgtsp€jai darba grupa: APP "Latvijas Valsts koksnes kimijas institiits"
E/ (vadoSais sadarbibas partneris); Latvijas Biozinatnu un tehnologiju

L J SR universitate; Latvijas Universitate; SIA ,,Sijati”; SIA ,, BRUwell”; SIA ,,
o ko A EkoKompozit”; Sabiedriba ar ierobezotu atbildibu ,,Lidums mezs”; Indulis

J

o Lidacis; Karlis gtembergs.

OH

Lai samazinatu kimiski sintez€to méslojumu un pesticidu lietoSanu, §7 projekta merkis ir izstradat
tirgli pieprasttus videi draudzigus produktus - augu aizsardzibas lidzeklus un multifunkcionalas
augsnes piedevas, ka izejvielu Siem produktiem izmantojot meza kopSanas rezultata iegiitos
mezizstrades atlikumus.

Augsnes kvalitates uzlaboSana un augu slimibu apkaro$ana, neizmantojot kimiski sintezetus
méslojumus un pesticidus, mezare produktiva materiala, darzkopibas un lauksaimniecibas
produktu labveligai audzeSanai ir aktuals jautajums. Projekta tiks pieradits, ka mezistrades
atlikumu biomasa ir augstvertiga izejviela augu baribas un aizsardzibas vielu iegiiSanai. Projekta
ietvaros tiks izstradati videi draudzigi produkti - augu aizsardzibas lidzekli un multifunkcionalas
augsnes piedevas, ka izejvielu Siem produktiem izmantojot meza kopSanas rezultatd iegiitos
mezizstrades atlikumus. Projekta gaita tiks raditas datu kopas, tos izmantojot zinatnisko rakstu
sagatavoSanai; iegiitas jaunas zinaSanas par ekstraktu un proantocianidinu mérkipasibam iegiistot
tos ekstrakcijas cela no sagatavotas biomasas dazadas sezonas un dazadas meza kopSanas /cirSanas
vietas; augsnes piedevas un aizsardzibas lidzekla efektivitati, kas tiks apkopoti zinatiba un
atskaitgs.

Projektu 1stenojot laika perioda no 01.07.2023 Iidz 30.06.2025. rezultata ir sagaidami
zinatniskie raksti, taja skaita, Q1 zurnala ar cit€jamibas indeksu, kas sastada 50% no vid€ja nozaré,
zinatibas, daliba konferenc€ un produktu eksperimentalas partijas.

Vairak informacijas par projekta norisi APP Latvijas Valsts Koksnes kimijas institiita
timekla vietné:

https://kki.lv/zinatniska-darbiba/projekti/bezatlikuma-mezistrades-biomasas-izmantosana

Vairak informacijas par Eiropas Lauksaimniecibas fondu lauku attistibai pieejams Eiropas
Komisijas timekla vietne:

http://ec.europa.eu/agriculture/rural-development-2014-2020/index_lv.htm
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Bezatlikuma mezistrades biomasas izmantoSana videi draudzigo augu aizsardzibas
Iidzeklu un augsnes piedevu ieguvei

PrOJekts nr. 23-00-A01612-000008

® PACE iznakums no biomasas, %/SM  ® PAC saturs ekstrakta, %/SM @ PAC iznakums no biomasas, %sM  PAC ekstraktu (PACE) liOfiliZi_lCij a

Mezistrades atlikumi ir potenciala izejviela PAC un PACE ieguvei
Augsnes piedeva no Skeldas
atlikuma pec ekstrakcijas un
modifikacijas, bagatinata ar
smiltsérkSku izspiedam un
huminvielam
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Priezu s€jini un to stadiSanas process
PACE spgj inhibét sénu augSanu, pasargajot augus no slimibas : .
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Dr. sc. ing. Sarmite Janceva, PhD Anna Andersone, lignina kKimijas lab.
sarmite.janceva@kki.lv, anna.andersone@kki.lv, talr. Nr. 25148850, 29104319.
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Bezatlikuma meZistrades biomasas izmanto§ana videi draudzigo augu aizsardzibas
Idzeklu un augsnes piedevu ieguvei
Projekta nr. 23-00-A01612-000008
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MezZistrades atlikumi ir potencidla izejviela PAC un PACE ieguvei \

B de Augsnes piedeva no Skeldas
atlikuma pee ekstrakeijas un Nedraj MR
modifikacijas, bagitinita ar

. 1

PACE spéj inhibét sequ augsanu, pasargijot augus no slimibas

Lauku izmeginajumi:

Priczu séjinu apstriide ar ckstraktu

Augsnes piedeva deva 40 kg/ha palielina: Prictu sejinu virszemes dalas izpete:
= di|Ju za]as masas razu par 30%;

* kartupefu raza par 31 %; |
ziemas kviciu raza par 7%;
vasaras kvieSu raza par 22%;
redisu razu par 25%: n
priezu sgjiniem labak attistijusas saknes un virszemes H
dala.
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