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1. DARBA VISPAREJS RAKSTUROJUMS

1.1. Temas aktualitate

Arvien pieaug pasaules valstu interese par atjaunojamas energijas iegtiSanas
veidiem, taja skaita, koksni. Aizvien aktualaka klast ne tikai energétiskas koksnes
razoSana, bet ar1 organisko atkritumvielu, taja skaitd diigu utilizacija. Promocijas
darba veikto p&tijumu noliks ir risinat §is problémas vienlaicigi, izmantojot dinas
scirtmeta karklu plantaciju mésloSanai, tadgjadi paaugstinot to produktivitati. Darba
pétitas iesp€jas, ka palielinat dinu méslojuma izmantosanas efektivitati kombingjot
to iestradi ar koksnes pelnu un citu kalkoSanas materialu izmantoSanu.

Pedgjo 5-8 gadu laika interese par karklu plantacijam pieaugusi vairakas Eiropas
valstls. So interesi veicinajusi vairaki faktori, bet svarigakais ir atjaunojamo
energoresursu patéripa picaugums, kas veicinajis resursu cenu kapumu, jaunu
notekiidenu attirisanas tehnologiju ievieSanu un organisko atkritumu utilizacijas
jautajumu saasinaSanas siltumnicas efektu izraisoSo gazu (turpmak SEG) emisiju
konteksta (Piebalgs 2008).

Oglekla dioksida piesaistes apjomus var palielinat, gan paplasinot meZu platibas,
gan palielinot jau eso$o mezu razibu. lerikojot atraudzigo koku un kriimu plantacijas
tiek izpilditi abi Sie nosacTjumi. Karklu plantaciju ieriko$ana visintensivak notiek
Lielbritanija, Zviedrija, Irija un Polija, interese par tam pieaug Latvija, Lietuva,
Igaunija, Griekija un citas valstis (Forest Service 2005, Ericsson et al. 2006,
Komarowski et al. 2005, Wisniewska et al. 2006). Par iesp&jam ierikot atraudzigo
koku sugu plantacijas Latvija interes€jas Lielbritanijas un Danijas investori.

Energétiskas koksnes plantacijas Ziemeleiropa dominé dazadas vitolu
(Salicaceae) dzimtas vitolu (Salix) gints un apSu (Populus) gints sugas un to hibridi
Sadu izvéli nosaka to atraudziba, viegla pavairo$ana un pieticiba attieciba pret
klimatiskajiem apstakliem. Seviski popularas ir vitolu gints karklu sugas, kuram
iespgjams dazads saimnieciskais pielietojums (atkariba no tirgus pieprasijuma) un
kuram raksturigas vidi, taja skaita augsni, uzlabojoSas Tpasibas (Weih & Nordh

2002, Evarts-Bunders 2005, Weih 2004, Tuck et al. 2006). Plantacijas audzétas

karklu skirnes veido lielu biomasu, saistot taja CO,, izdalot atmosfera skabekli un
veidojot organiskas vielas. Karklu plantacijas nelauj lauksaimniecibas zemés
savairoties mazvertigiem kriimajiem; pasarga augsni no v&ja un udens erozijas;
pateicoties intensivai transpiracijai, samazina mitrumu augsné, tadejadi uzlabo
augsnes struktlru un mitruma rezimu. Tapéc karklu plantacijas izmanto ne tikai
kurinamas koksnes ieguvei, bet arT sadzives un lopkopibas notekiidenu biofiltracijai
(Saarsalmi 1995, Hasselgren 2003, Mangalis 2004, Smaliukas & Noreika 2005,
McCormick & Kéberger 2007).



Pieaugot iedzivotaju labklajibas Itmenim un uzlabojoties notekiidenu attirisanas
efektivitatei, Latvija biis pieejams aizvien lielaks kvalitativu, vides nekaitiguma
prasibam atbilstosSu sadzives notekiidenu diinu daudzums un arvien aktualaka klis
notekiidenu utilizacijas probléma. Sadas diinas, kas satur dazadas augiem
uznemamas baribas vielas, izmantojamas augsnes iclaboSanai pirms kokaugu
plantaciju tipa stadijumu ierikosanas ka arT iscirtmeta plantaciju razibas kapinasanai.
Vietgjas siltumapgades sistémas, kas izmanto dazada veida energétisko koksni,
veidojas baziski, kaliju un citus augiem nepiecieSamus elementus saturosi, pelni, kas
biitu izmantojami intensivi apsaimnieckojamu mezu, izstradatu kiidras atradnu, ka ari
neizmantoto lauksaimniecibas zemju kalkosanai un méslosanai (Jones et al. 1994,
Uebel & Heinsdorf 1997, Dilly 1999, Hytonen 1998, Kaposts et al. 2002,
Komarowski et al. 2005, Schreffler & Sharpe 2003, Jacobs et al. 2005, Huotari et al.
2007, Gemste & Vucans 2007).

Lauksaimnieciba  neizmantotas  zemes ir  piem&rotas  energétisko
lauksaimniecibas augu un iscirtmeta kokaugu (karklu, apsu, baltalk$nu un citu
atraudzigo koku sugu) plantaciju ierikosanai (Hytonen 1995, Tahvanainen &
Rytkonen 1999, Heinso et al. 2002). Neraugoties uz lauksaimnieciskas razoSanas
intensifikaciju un plasam diskusijam par iesp&jamo partikas deficitu energétisko
augu aiznemto platibu palielinaSanas rezultata, liela dala lauksaimniecibas zemju
Latvija, tapat ka citds Austrumeiropas valstis, v&l joprojam netiek izmantotas, bet
aizaug un apmezojas, veidojot mazvertigas mezaudzes. Viens no So teritoriju
izmantoSanas veidiem ir kokaugu plantaciju ierikoSana, kas lauj veikt saimniecisko
darbibu ipas$nickam izdeviga laika, nesagaidot cirtmeta vecuma sasniegSanu, vai
atgriezt zemi lauksaimnieciskaja aprit€, ja to nosaka ekonomiski vai citi apstakli.
Atraudzigu un raZigu TIscirtmeta energétiskas koksnes plantaciju ieriko$ana,
izmantojot notekiidenu dinu un koksnes pelnu méslojumu, ir risinajums, ka
racionali izmantot zemi Sobrid, nodroSinot Apvienoto Naciju Organizacijas
konvenciju par klimata izmainadm un Kioto protokola ieklauto prasibu ( industriali
attistitajas valstis 11dz 2012. gadam samazinat SEG emisiju par 5,2 %, salidzinot ar
1990. gadu.) izpildi, neizslédzot zemes lietoSanas un izmantoSanas veida mainu
nakotné (Weih 2004, Hytonen & Wall 2006). Sadzives notekiidenu diinu un koksnes
pelnu komposti ir piemé&roti lietoSanai virsméslojuma, kas lauj biitiski samazinat
méslojuma iestrades izmaksas (Aronsson & Perttu 2001, Weih & Nordh 2002,
Hasselgren 2003, Hytonen 2003, Komarowski et al. 2005).

Pasreiz&ja situacija Latvija ir veicinoSa izverstai energétiskas koksnes un
scirtmeta plantaciju ierikoSanai un izmantosSanai (Piebalgs 2008), vienlaicigi butiski
sekmgjot energétiskas koksnes nodrosinajuma, notekiidenu diinu un koksnes pelnu
utilizacijas problémas risinasanu (Gemste & Vucans 2007).



1.2. Promocijas darba veikta pétijuma meérkis

Izstradat ekologiski un ekonomiski pamatotu notekiidenu diipu izmantoSanas
modeli Tscirtmeta karklu plantacijas, noskaidrojot karklu 1scirtmeta energoplantaciju
produktivitati dazados augS$nu tipos un augSanas apstaklos, novértgjot notekiidenu
diinu méslojuma izmantoSanas ietekmi uz vidi, piedavajot risinajumus videi drosu
dinu izmanto$anas tehnologiju ievieSanai praksé un veicot dinu méslojuma
izmantoS$anas ekonomiska efekta noveérté§jumu, atbilsto§i ES augsnes aizsardzibas
direktivu grupas prasibam.

1.3. Promocijas darba uzdevumi

1. Noskaidrot augsnes T1pasibu izmainas atkariba no dinu lietoSanas
intensitates un tehnologijas karklu plantacijas.

2. Novertet plantaciju augsnu, méslosanas veida un izveleta stadama materiala
atbilstibu Tscirtmeta plantaciju ierikoSanai Latvija.

3. Parbaudit Zviedrija selekcionéto karklu Skirnpu piemerotibu Latvijas
apstakliem.

4. Izstradat notekiidenu diigu izmantoSanas modeli.

5. Plantaciju kultiru produktivitates kapinaSanas iespg&ju un piedavajama
modela ekonomiskais izvertjums.

1.4. Darba novitate, zinatniska un praktiska nozimiba

Lauksaimniecibas raZoSanas apjomu samazinasanas rezultata apméram
1.5 miljoni ha lauksaimniecibas zemju Latvija vairs neizmanto partikas produkcijas
ieguvei, tas atstatas novarta jau gandriz divdesmit gadus'.

Promocijas darba tiek pétitas atraudzigo karklu sugu un skirmu plantaciju
izveides iespgjas Latvija, ierikojot plantacijas neizmantotas lauksaimniecibas zemés
un rekultivgjamas platibas. Parbaudita Latvija dabiskajas audzEs atlasitu un
Zviedrija selekciongtu karklu raziba un augSanas gaita, model&ot plantaciju
iertkoSanu neizmantota lauksaimniecibas zemé, un rekultiv€jamas platibas. Pétitas
iespgjas plantaciju razibas kapinasanai — mé&slosanai izmantojot gan augu baro$anas
vielam bagato sadzives nelikvidu — notekiidenu diinas, gan to kompostus, kas
pagatavoti no dinu, kiidras un koksnes pelnu maisijuma.

Plantaciju tipa stadijjumu ierikoSana, veicot augsnes ielaboSanu ar komunalas
saimniecibas nelikvidiem (koksnes pelni, notekiidenu diinas un to komposti), ir
Latvija jauns risindgjums ne tikai neizmantoto lauksaimniecibas zemju, bet ari
degradétu platibu (karjeri, izstradatas kadras atradnes) rekultivacijai, pirms kura
ievieSanas praks€ nepiecieSams veikt So aktivitasu ekonomiska efekta un ietekmes
uz vidi novertgjumu.

! http://www.vzd.gov.lv/-Zemes sadalijums pa nekustama pasuma lietosanas mérku grupam (p&c nekustama Tpasuma lietosanas mérka)

un pa zemes lietoSanas veidiem (ha) uz 01.01.2008., forma K-1, apmekléts 2008.03.05.
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1.5. Zinatniska darba aprobacija

Zinatniskas publikacijas par darba temu:

Lazdina D., Lazdind A., Karin§ Z., Kaposts V. Notekiidenu dinu méslojuma
efektivitate un augsnes kimiska sastava izmainas energétiskas koksnes plantacijas.
Mezzinatne, 2006, 16 (49).30.-58.1pp.

Jazmuas J., Jlasmuasm A., Maptuacone K., Kapunemr 3., Kamocre, B., Jluena .,
Xpon 1O., Homamc . CooTBercrBHe HEKOTOPHIX MoOpon HBOBHI (Salix) u mx
CEJICKIMOHHBIX KJIOHOB JUISl TOJIyYEHUS] JSHEPreTUYecKOW apeBecHHbl. In: Annals of
Warsaw  Agricultural ~ University-SGGW,  Forestry and Wood  Technology,
2006, No 59, p. 39-43.

Lazdina D. First rotation season in birch, black alder, pine, spruce and willow
plantations fertilized with waste water sewage sludge in mineral and peat soils in Latvia. In:
Annals  of Warsaw Agricultural University -SGGW, Forestry and Wood Technology,
2006, No 59, p. 34-38.

Lazdina, D., Lazdins, A., Karins, Z., Kaposts, V. Effect of sewage sludge fertlization in
short-rotation willow plantations. In: Jowrnal of Environmental Engineering and
Landscape Management, 2007, Vol XV, p. 105-111.

Starptautisko konferencu, kongresu, semindru, darba sandksmju recenzeto referatu
pilnu tekstu (Proceedings) izdevumos:

Lazdina D., LazdipS A., Martinsone K., Karin§ Z., Kaposts V., Liepa L., Hrols J.,
Dolacis J. Suitability of Latvia willow species and willow clones selected in Sweden for the
establishment of energy wood plantations in Latvia. In: Proceeding of 5th IUFRO
Symposium 'Wood Structure and Properties 06, Zvolen, Slovakia, 2006, p. 293-298.

Lazdipa D., Liepa L., Lazdins A. Wastewater sewage sludge fertilization effect on soil
properties and short rotation tree plantation productivity. In: Proceedings of International
Scientific Conference 'Research for Rural Development' Jelgava, Latvia, 2007, p. 143-150.

Lazdina D., Lazdins A., Karins Z. Short rotation plantations of fast-growing tree
species as source of bioenergy in Europe and Latvia. In: Proceedings of 6th International
Scientific  Conference  'Engineering  for  Rural — Development’  Jelgava,
Latvija, 2007, p. 90-95.

Lazdina D., Lazdins A., Karins Z., Komorovska A. Waste water sewage sludge usage
as fertilizer of short rotation forest plantations. In: Proceedings of International Scientific
Conference 'Rural Development 2007', Kaunas, Lithuania, 2007, p. 287-293.

Lazdina D. Prospects of short - rotation forestry in Latvia. In: Proceedings of the 5 th
UEAA General Assembly and the Associated Workshop, Riga, Latvia, 2008, p. 123-130.

Lazdina D., Lazdin$ A. Organic fertilizers and wood ash impact on growth of energy
crops in peat — a laboratory study. In: Proceedings of International Scientific Conference
'Research for Rural Development' Jelgava, Latvia, 2008, p.165-174.



Daliba konferences:

The 9 th Conference for Young Scientists 'Engineering of Environmental Protection’,
30.03.2005. Vilpas Tehniska universitate, Lictuva, referats: “Effect of sewage sludge
fertilization in short rotation willows’ plantations” .

LLU konference 'Zinatne un inovacijas -Zemgales attistibai', 17.02.2006. Jelgava,
Latvija, stenda referats: , Dipu méslojuma pielietosanas efekts karklu iscirtmeta
plantdcijas un plantaciju mezos”

Meza fakultates zinatniski praktiskd konference 'Mezzinatne un prakse nozares
attistibai' 15.-17.03.2006. Jelgava, Latvija, referats: “Dipu méslojuma efektivitates
izvertejums dazadu koku sugu stadijumos”.

The 9th Conference of Young Scientists 'Science — Future of Lithuania', 29.03.2006.
Vilniaus Gedimino Technikos Universitetas, Lithuania, referats: “Effect of sewage sludge
fertlization in short-rotation willow plantations”.

5th IUFRO Symposium Wood Structure and Properties' 06 03.-06.09.2006. Sliac
—Sielnica, Slovakia, Stenda referati: “Suitability of Latvian willow species and willow
clones selected in Sweden for the arrangement of energy wood plantations in Latvia“ and

“Wood properties comparison of willows from plantations and alders from native stands”.

The 10th Conference of Young Scientists Science — Future of Lithuania,
27.- 28.03.2007. Vilniaus Gedimino technikos universitetas, Lithuania, Referats: “Effect of
waste water sewage sludge fertilization on energy wood plantations on cut away peat
lands and mineral soils”.

4th International conference 'Research and conservation of biological diversity in Baltic
region, 25.-27.04.2007. Daugavpils, Latvia, University Institute of Systematic Biology,
Stenda referats: “Comparison of native Latvia willow species and breeded willow clones
in short rotation energy plantations”.

International scientific conference Research for Rural Development, 16.-18.2007.
Jelgava, Latvia, LLU, referats: “Waste water sewage sludge fertilization effect on soil
properties and short rotation plantation productivity”.

6 th International Scientific Conference 'Engineering for Rural Development 2007',
24.-25.06.2007. Jelgava, Latvia, referats: “Short rotation plantations of fast-growing tree
species as source of bioenergy in Europe and Latvia”.

The third international scientific conference 'Rural Development 2007, 23.11.2007.
Kaunas, Lithuania, referats: “Competitiveness of short rotation energy crops on arable
lands in Latvia” un stenda referats “Waste water sewage sludge usage as fertilizer of short
rotation forest plantations”.

International Scientific conference 'Research for Rural Development 2008', 21.05.2008.
Jelgava, Latvia, referats: “Organic Fertilizers and Wood Ash Impact on Growth of Energy
Crops in Acid Peat”.



1.6. Promocijas darba struktiira un apjoms

Promocijas darba struktiira pakartota darba petnieciskajiem uzdevumiem. Darbs
sastav no tris nodalam.

Pirmaja nodala divas apak$nodalas apskatiti citu autoru iepriek$jos gados
veiktie petijumi. Pirma apaksnodala veltita jautajumiem, kas saistiti ar atraudzigo
koku sugu plantaciju ierikosanas pieredzi, produktivitati un méslosanu citas valsts.
Otraja apak$nodala, pamatojoties uz esoSajiem resursiem (ikgad€jais deponétais
notekiidenu dinu un pelnu apjoms), tiesisko vidi un pieejamajiem atbalsta
mehanismiem, analiz&tas Tscirtmeta plantaciju ierikoSanas perspektivas Latvija.
Nodalas beigas secinajumu veida formulStas galvenas citu autoru pétijjumos giitas
atzinas un situacijas raksturojums Latvija.

Otraja nodala raksturots pétjjuma izmantotais stadmaterials un mésloSanas
lidzekli, aprakstita stadijumu ierikoSanas, uzmérijjumu veikSanas, kimisko analizu
un datu statistiskas apstrades metodika.

Tres$aja nodala analizéti iegiitic rezultati. Izpildot pétijuma darba uzdevumus,
iegltie rezultati secigi atspoguloti piecas apaks$nodalas. Pirmaja apaksSnodala
aprakstitas augsnes Tpasibas pirms plantacijas ierikoSanas, bet otraja apakSnodala
analiz8tas augsnes IpaSibu izmainas mésloSanas un kalkoSanas ietekmé. TreSaja
apakSnodala analizéta karklu produktivitate dazados augSanas apstaklos, un
plantaciju ierikosanas ietekme uz vidi, izmantojot sadzives notekiidenu dinu, to
kompostu un pelnu méslojumu. Ceturtaja nodala tiek piedavats notekiidenu dinu
izmanto$anas modelis, savukart picktaja apakS$nodala dots ta eckonomiskais
vert&jums.

Promocijas darba apjoms 123 lapaspuses; informacija apkopota 68 tabulas un 57
att€los; izmantoti 163 literatiras avoti. Darba nosléguma formul&ti 5 secinajumi un 8
ieteikumi praksei.

2. PETIJUMA MATERIALS UN METODIKA

2.1. Pétijjuma objektu un stadmateriala raksturojums

Izméginajuma objekti izvietoti neliela attaluma viens no otra, klimatiskie
apstakli, gaisa temperatiira, nokri$nu daudzums, v€ja atrums visos objektos ir lidzigi.
Pétijumi veikti izm&ginajuma stadijumos, kas ierikoti Rigas rajona, Jaunolaines
(Olaines kokaudzg&tava un Virsi) un Marupes pagastos, dazados edafiskos apstaklos,
no 2004. lidz 2006. gadam. Visi tris izméginajumi atrodas Viduslatvijas zemienes
Tirelu lidzenuma 4...5 km no Rigas pils€tas robezas D virziena, attalums starp
objektiem ir 5..8 km (2.1. att). Platibas ir Iidzenas, bez izteiktam mikroreljefa
formam. Augstums virs juras Itmena ir dazi metri. Platibas savstarp&ji atskiras péc
aug$nu fizikalajam un kimiskajam tpasibam, ka ari hidrologiska rezima.
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2.1. att. Izméginajuma objektu izvietojums, aerofoto no www.googlearth.com
Fig. 2.1. Location of research objects - aerofoto from www.googlearth.com

P&tTjuma izmantotas Zviedrijas selekcionétas karklu Skirnes. Skirne Tora (CPVO
Nr. EU0627) iegiita krustojot Sibirijas, jeb ta saukto Sverina, un klidzinu karkla
skirni Orm (Salix schwerinii x S. Viminalis), tas raksturiga pazime ir gari dzinumi,
kuru skaits ir mazaks, neka citam Skirném, ka arT trausla, viegli skeldojama koksne.
No Zviedrija pieejamajam Skirném Torai ir vislielaka raziba, Skirne ir neienémiga
pret lapu riisu, tas dzinumus mazak boja pangodini, retak apgrauz zaki un stirnas.
Skirne Torhild ( CPVO Nr. EU5286) ((Salix schwerinii x S. viminalis) x S.
viminalis) ir $kirnu Tora un Orm krustojums, tikpat produktiva ka Tora, bet
raksturojas ar augstaku izturibu pret lapu riisu. Skirne Sven (CPVO Nr. EU5285)
(Salix viminalis x (S. schwerinii. x S. viminalis)) iegita, krustojot Skirnes Jorunn un
Bjorn. Skimei Gudrun (Salix dasyclados), raksturiga augsta salcietiba un teicama
apsaknosanas, bet §1s Skirnes stadijumi biezak cies§ no zakiem un stirnam. No LVMI
Silava iepriek$€jos gados ierikotajiem vietgjo karklu sugu stadijumiem
izmégindjumam izvéleta atraudzigaka suga ar salidzino$i mazako dzinumu skaitu
Salix burjatica.

Olaines kokaudzg&tava (turpmak teksta Olaines izm€ginajums) salidzinata dazadu
karklu skirpu raziba, izmatojot sadzives notekiidenu diinu méslojumu, un pétitas
augsnes 1pasibu izmainas. Augsne ir smil§mals un platiba ilgstosi kultivéta.

2004. gada marta beigas ierikotaja izm&ginajuma parbaudita tris Zviedrija par
perspektivakajam atzito un razoSanai ieteikto karklu skirpu Tora, Torhild un Sven
piemérotiba Latvijas apstakliem sadzives notekiidenu diinu méslojuma konteksta.
Kopgjais iestadito spraudenu skaits ir 14 040, taja skaitd, Skirnes Tora -
4 800 spraudeni, Sven — 4 320 un Torhild — 3 840 spraudeni. Izmantots dubultrindu
stadjjums — rindas platums 70 cm, spraudeni staditi pa pariem 50 cm attaluma viens
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no otra, bet attalums starp dubultrindam ir 150 cm. Diinu méslojums 10 teyems ha™
rindstarpas iestradats 2005. gada marta jau péc stadfjuma ierikoSanas. 2006. gada
aprila sakuma, lai salidzinatu Zviedrija selekcionétas karklu skirnes (Tora, Torhild,
Sven, Gudrun, Smithensis) un vietgjo villainzaru karklu, iestaditi 16 759 spraudeni,
tai skaita, S. burjatica - 1 600 spraudeni, Tora — 5 500 spraudeni, Torhild — 4 600
spraudeni, Sven — 4 600 spraudeni, Smithensis — 430 un Gudrun — 29 spraudeni.
Plattba méslota 2007. gada maija, dinu méslojums 10 teumsha' iestradats
rindstarpas.

Izm&gindjuma objektos Marupé un VirSos pétita dazadu meslojuma veidu
ietekme uz kiidras un mineralaugsnu fizikalajam un kimiskajam 1pasibam un karklu
plantaciju ieaugSanos un razibu.

Marupes izméginajuma objekta smilts augsné 2005. gada aprili stadita Skirne
Sven. Pirms izméginajuma ierikoSanas, dala platibas vienmérigi izkliedéts un
iestradats sadzives notekiidenu diinu méslojums 10 tum.sha”. Kontroles dala veikta
vienlaidus augsnes apstrade. Kopa iestaditi 2 400 skirnes Sven spraudeni.

Izm&ginajuma stadijums VirSos ierikots izstradata kudras atradn@ ar biezu kiidras
slani. Péc kiidras izstrades platiba saglabajusies gravji, kas to sadala Sauros
taisnstirveida laukos, stadijumi ierikoti 10 m attaluma no gravja malas, lai mazinatu
gravia efektu. Platiba stadita karklu $kirne Sven. Saja platiba izmantoti divi
méslojuma veidi — sadzives notekiidenu diinas 10 tuusms ha' un 3.5 t ha” mineralmésli
NPK (10-10-20). Karklu stadijums ierikots dubultrindas, kopuma iestadot 2 080
Skirnes Sven spraudenus.

Lai modelétu dazadu notekiidenu diinu kompostu un koksnes pelnu devu ietekmi
uz kiidras kTmiskajam Tpasibam, taja skaita, smago metalu izskaloSanas intensitati un
karklu spraudenu apsaknoSanos, piclietojot maksimali pielaujamas pelnu un
notektidenu dinu devas, ierikots izméginajums vegetacijas traukos. Komposta,
pelnu un kiidras maistjuma pagatavoSanai 2006. gada maija izmantota kiidra no
izmégindjumu objekta Virsi un ierikots vegetacijas trauku izméginajums. Pagatavoti
7 dazada veida substrati, kas atSkiras peéc komposta un pelnu piedevas proporcijam.
Kontrolei izmantoja kiaidras substratu no izmégindgjuma objekta VirSi kontroles
paltibas bez piedevam. Komposta piedeva kudrai dazados variantos atbilda
170 tusnasha™ (1:4) un 340 tgumsha” (1:1). Pétijuma izmantotds kompostu devas
izmanto teritoriju rekultivacija augsnes augliga slana atjaunosanai. Koksnes pelnu
deva atbilda 10 tha™ un 20 t ha". Eksperimenta izmantoja 15...20 cm garus karklu
spraudenus, ko stadija 25 cm dzilos vegetacijas traukos ar 31 substrata. Katra
vegetacijas trauka stadija 4 spraudenus. Kopuma eksperimenta izmantoja
168 vegetacijas traukus un iestadija 672 spraudenus.
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2.2. Meéslosanas izméginajumu varianti un plantaciju uzturésana

Karklu izméginajuma stadijumi, kuri ierikoti 2004. un 2006. gada Olaines
kokaudzetavas teritorija, stadiSanas gada netika mésloti. Pirmaja sezona stadijumos
veica rindstarpu ru$ina$anu un nezalu apravé$anu ar rokam. Vegetacijas sezonas
beigas - 2004. un 2006. gada novembrT - dzinumus nogrieza, lai sekmé&tu specigakas
saknu sistémas veidoSanos un atvieglotu méslojuma ieneSanu augsné nakoSaja
sezona. Méslojuma deva 10 teysms ha™ ienesta nakoSa gada pavasarT pec sniega segas
nokuSanas. Mg&slojumu izkliedéja ar horizontalo meéslu arditaju ROU- 6
(ietilpiba 6 t). P&c izkliedeSanas meslojumu iestradaja augsne, veicot rindstarpu
kultiveésanu.

Olaines kokaudz&tava ierikotaja izm&ginajuma mésloSana sekm&ja ne tikai
karklu dzinumu augSanu, bet arT nezalu sazelSanu, karkliem veidojas gari un spécigi
dzinumi, kas spga konkurét ar nezalém, tapéc nebija nepiecieSsami papildus
kopsanas pasakumi. Lielako nezalu izplausana tika veikta tikai plantacijas mal&jas
rindas.

Pirms stadijuma ierikoSanas Marupes izmé&ginajuma objekta, veikta visas
platibas arSana, lai likvidétu apaugumu. P&c uzarSanas dala platibas ar méslu arditaju
tika izkliedétas sadzives notekiidenu dunas (deva 10 tuumsha'), péc dinu
izkliedésanas platibu kultivgja, iestradajot méslojumu augsné. Marupes
izméginajuma objekta mineralaugsné nezales saka strauji digt tulit pec 2006. gada
junija lietavam. Tiklidz to atlava laika apstakli, Marupes plantacija tika ravéta ar
rokam, apravgjot karklu rindas 40 cm platuma.

Izméginajumu objekta VirSos biezais kadras slanis apgritinaja smagas
lauksaimniecibas tehnikas izmantoSanu. Veicot augsnes analizes, konstatéts, ka
ktdras pHkc bija 2.5...3. Lai novertetu dazadu méslosanas lidzeklu ietekmi tik skaba
augsné, parauglaukumu sadalija. Viena da]a izmantoja diinu méslojumu, bet otra -
ekvivalentu daudzumu (péc fosfora) fiziologiski baziska fosfora un kalija
mineralméslojuma. Sezonas sakuma, 2005. gada, dinu iestrade augsné nebija
iespgjama, tapec tika piepemts l@mums dinas izkliedét virsméslojuma. Maijs bija
nokri$piem bagats, bet tiklidz augsne bija pieticko$i izzuvusi, lai tehnika varttu
parvietoties pa kudras lauku, tika veikta diogu izkliedéSana ar méslu arditaju.
notekiidenu diinu devu 10 tyums ha'. Mineralméslojumu izklied&ja vienlaicigi ar
dinu méslojumu. Mineralmeslojuma izkliedéSana ar tehniku nebija iesp&ama
nesakartotas celu infrastruktiras dél, tapec to veica ar rokam, starp dubultrinda
staditajiem spraudeniem

Pirmaja sezona péc méslojuma izliedéSanas un stadijuma ierikoSanas, nenotika
strauja nezalu sazel$ana. Tikai otraja sezona radas nepiecieSamiba apkarot nezales,
kas tika darits ap spraudeniem apravéjot nezales ar rokam (izraujot galvenokart
lielaka auguma nezales). 2006 gada dala karklu stadijuma veikta kalkosana.
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Izm&ginajumu objektos izmantoto meslojumu veids, devas un méslosanas laiks,
ka ari turpmak grafikos izmantotie kodi dazadu izm&gindgjumu objektu apzimésanai

doti 2.1. tabula.

2.1. tabula / Table 2.1.

Meéslosanas izméginajumu varianti / Varints of fertilization trials

Objekts, Meéslosanas laiks
stadisanas gads/ Kods/ | Izmantotais m&slojums/ Date (year, moth)
Planting site, year | Code Fertilizer of fertilizer
of planting application
notekiidenu diinas, 10 teysmsha™/
VD wastewater sewage sludge 10 tpy ha! 2005 06
notekiidenu diinas, 10 teysmsha™/
VDD wastewater sewage sludge 10 tpy ha™ 2005 06
dolomttmilti 10 t ha'/ dolomite 10t ha’ | 2006 05
200 VK kontrole/control kontrole/control
Virsi, 5
VKD dolomttmilti 10 t ha'/ dolomite 10t ha' | 2006 05
mineralmesli, 0.5 t N ha''/
VM minerals 0.5 t N ha'’ 200505
mineralmesli, 0.5 t N ha™
VMD | minerals 0.5t N ha' 2005 06
dolomitmilti 10 t ha'/ dolomite 10 t ha™ | 2006 05
notekiidenu diinas, 10 teymsha™/
Marupe, 2005 MD wastewater sewage sludge 10 tpy ha 2005 05
MK kontrole/control kontrole/control
= = -1
Olaine, 2004 ODaos notektidenu diinas, 10 teusmsha™/ ,, 2005 04
wastewater sewage sludge 10 tpy ha
= = -1
Olaine, 2006 ODaons notektidenu diinas, 10 teusmsha™/ ,, 2007 04
wastewater sewage sludge 10 tpy ha

2.3. Kokaugu biomasas noteik§anas metodika

Lai novértétu notekiidenu dinu efektu, 2005., 2006., 2007. gada vegetacijas
sezonas beigas veikti uzmérfjumi atbilstosi 2001.02.27 Ministru kabineta noteikumu
Nr.90 "Mezaudzes novertésanas kartiba” prasibam.
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Izm&ginajuma objektos uzskaitits un uzmerits:
+  izdzivojuso stadinu skaits;
»  kocinu augstums;
*  caurm@ru pie saknu kakla un kriiSu augstuma.

Apkopojot uzmérfjumu rezultatus, aprékinata stadu ieaugSanas procentos, vidgjais
karklu dzinumu skaits cera, faktiskais biezums, vid€jais augstums, caurmérs pie saknu
kakla, viena dzinuma tilpums, karklu biomasa un tas picaugums.

Dzinumu tilpums cm® noteikts, aprékinot katra dzinumaa tilpumu ar noskelta konusa
tilpuma formulu:

V=i7*Tr*H* RA+ R %R+ R2); (D

kur:

Ri-galotnes radiuss, cm;
R,-caurmérs pie saknu kakla, cm;
H-dzinuma augstums, cm.

Uzmerot trisgadigus un divgadigus karklu dzinumus 2004. gada ierikota karklu
plantacija, veikta caurméra uzmériSana pie dzinuma pamatnes un kriiSu augstuma 25 m?
laukuma visam S§aja pétfjuma izmantotajam Skimém. Trisgadigo un divgadigo karklu
dzinumu krajas aprekins 2007. gada veikts pec noskelta konusa formulas (1), un izmantojot
uzmértjumu datus krii$u augstuma (2), vélak summeéjot visu dzinumu tilpumu (m*ha™).

V=ln*HHZ*DZ—Z*H*D*B*C+BZ*C2+H*D*C—B*Cz c ()
3 4%(H>—2xH*B+B? 4x(H-B) 4
kur: D - caurmérs kriiSu augstuma, cm;
C - tievgala caurmérs, cm;
B - krasu augstums (130 cm);
H - augstums, cm.

Karklu dzinumu biomasa aprékinata, izmantojot parrékina koeficientus no krajas (1. un
2. formula). Uz lauka noteikta dabiski mitru dzinumu masa ar lapam un bezlapu stavoklt
(30 dzinumi). Laboratorija karklu dzinumi un lapas izzavéti lidz nemainigai masai 105°C
temperatiira. Izmantojot laboratorija iegiitos datus, veikti aprékini par koksnes un lapu
biomasu. Empiriski iegtts regresijas vienadojums ar kura palidzibu, izmantojot trisgadigu
un vecaku karklu dzinumu caurméru kriiSu augstuma, aprékinama to biomasa.

Vegetacijas traukos ierikota izméginajuma laika karklu dzinumu augstums mérits ik
pec 2 nedelam. Peffjuma ietvaros veikts karklu sakngu biomasas atfistibas monitorings
vegetacijas izméginajumos, ar divu ned€lu intervalu, no katra vegetacijas izméginajuma
varianta 12 karklu spraudeniem, nosakot dzinumu un saknu masu.

Substratu no sakném atdalija skalojot, péc ta noskalosanas saknes nogrieza no
spraudena. Dzinumus un saknes Zavgja termostata 105 °C lidz nemainigai masai. PEc tam
saknu un dzinumu masu noteica ar analitiskajiem svariem. Vegetacijas sezonas beigas
saknu un dzinumu masa tika noteikta visiem atlikusajiem karklu spraudeniem.
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2.4. Kimisko analiZu metodes

Augsnes paraugi analizém ievakti ar zondi 0..20 cm, 20..40 cm, 40..60 cm un
60...80 cm dziluma vegetacijas sezonas sakuma un beigas, atbilstosi LVS ISO 11464:2005
standarta prasibam.

Karklu dzinumu analizém parauga sagatavoSanai pemts pa vienam vidgja izméra
dzinumam no katra nogriezta cera (kopa 5 dzinumi katra paraugd). Péc tam dzinumi
sagriezti 5..10 cm garos nogrieznos, izzavéti lidz nemainigai masai un sasmalcinati
augsnes dzirnavas. Augu materiala kimiskas ipasibas (N, P, K, un smago metalu
daudzums) noteiktas karklu koksnes paraugiem, kas ievakti objekta Marupe 2006. gada.
Bet 2007. gada oktobrT1 Olaing un Marupe, péc aktivas augSanas fazes izbeigSanas
ievaktajiem koksnes paraugiem, aprekinats to zemakais sadegSanas siltums, noteikts C, S
saturs. Analizu rezultati parrekinati uz masas vienibam. Koksnes un augsnes analizes
veiktas LVMI Silava.

Vides reakcija (pHkc) noteikta atbilstosi LVS ISO 10390 standarta prasibam.

Kopgja oglekla daudzums noteikts atbilstosi LVS ISO 10694 standarta prasibam.
Kopgja séra daudzums noteikts ar CS-500 Carbon/Sulfur Determinator — s€ra elementar-
analizatoru, izmantojot iekartas razotaja ieteikto metodiku. Kopgja slapekla noteikSanai
izmantota modificéta Kjeldala metode, seléna vieta ka katalizatoru izmantojot titana
oksidu, atbilstosi LVS ISO 11261 standarta prastbam

Apmainas slapeklis amonija forma noteikts kolorimetriski ar Neslera reagentu, 0.1 n
NaCl izvilkuma. Apmainas fosfati noteikti kolorimetriski 0.2 n HCI izvilkuma ar amonija
molibdatu reducétaja (0.1% SnCl, $kidums) klatbtitné. Apmainas kalija savienojumi
noteikti ar liesmas fotometru Perkin Elmer AAnalyst 200 1n CH;COONa izvilkuma
(Pavule 1978).

Kompleksometriska kalcija un magnija savienojumu noteikSana veikta 1 n NaCl
izvilkuma ar titréSanas metodi indikatoru mureksida un hromogénmelna klatbiitné (Pavule
1978).

Smago metalu (Cd, Cr, Cu, Ni, Pb, Zn) ekstrakcija no augu materiala un augsnes veikta
atbilstosi LVS ISO 11466 standarta prasibam, bet kimiskas analizes — atbilstosi LVS ISO
11047 standarta prasibam.

2.5. Datu statistiskas apstrades metodes

Datu statistiska apstrade un grafiskais att€lojums veikts izmantojot SPSS,
Microsoft Exell, OpenOffice.org Calc un Gretl datorprogrammas. Izmantojot
apraksto§as statistikas metodes, aprékinatas lielakas, mazakas un vidgjas vértibas,
standartklida un variacijas raditaji. Dati savstarpgji salidzinati, izmantojot T- testu,
dispersijas un korelacijas analizes (Liepa 1974, Arhipova & Balina 2003).
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3. REZULTATI UN DISKUSIJA

3.1. Notekiidenu diinu izmantoSana plantacijas
3.1.1.  Augsnes ipasibas pirms un péc mesloSanas
Pirms plantacijas meéslosanas ar sadzives notekiidenu dinam augsnes

nodrosindjums ar makroelementiem bija nepietickoss, lai augi spétu strauji augt un
veidot lielu biomasu. IlgstoSas saimnieciskas izmantoSanas un nepardomatas
mineralméslojuma lietoSanas rezultatd nodroSindjums ar augu baroSanas vielam
nesabalanséts, augsne parak liesa intensivas augSanas un straujas biomasas
veido$anai. Izméginajuma objekta Marupé baribas vielu savstarp&jas proporcijas
augsné sabalansétas, tomér nodroS§inajums ar baribas vielam, nepietickams, lai
varétu notikt strauja atraudzigo karklu augSana, platiba ieviesusas graudzales,
galvenokart ciesa. Savukart, VirSos kiidras augsné galvenas problémas, kas rada
augu augSanai un attistibai nelabvéligus apstaklus ir augsnes skabums un
nepietiekamais nodrosinajums ar fosforu un kaliju (3.1. tabula).

3.1. tabula /Table 3.1.

Augsnes kimiskas ipasibas pirms karklu stadijumu mésloSanas 2005. gada
Chemical properties of soil before fertilizing of plantations at 2005

Makrolementa koncentracija / Olaine Virsi Marupe Optimums /
Macronutrients concentration Optimal

N, mg kg 351+£5.0 [2472+38 [29.4+0.5 |80.0...84.0
P, mg kg'! 41.8+6.0 |0.60+0.1 214+03 |74.0..77.0
K, mg kg 26.0+04 |45.05+6.9 |23.5+04 |76.9..78.9

Visos lauka izm&ginajumu objektos trikst fosfors un kalijs. Sadzives notekiidenu
diinu méslojums satur, ne tikai organisko vielu un straujai augSanai nepiecieSamo
slapekli, bet ari fosforu un kaliju; biologiskajas attiri$anas ickartas sarazoto sadzives
notektidenu dunas satur vidgji 51g kg™ Niop, 17 g kg Piop, bet 65% no to masas ir
organiska viela. Koksnes pelni var kalpot ka mineralvielu avots, tie ir bagati ar
kaliju (~30 gkg"), kalciju (125 gkg™') un magniju (20 gkg™), ka ari satur fosforu
(10 g kg). Visvienkar$akais panémiens papildus baribas vielu ieneSanai augsné ir
mineralméslu izmantosana, jo iesp&jams precizi dozét nepictickamo baribas vielu
daudzumu, bet $ada veida augsné tiek ienestas tikai mineralvielas, turpreti
izmantojot organiskas izcelsmes méslojumu, augsne tiek bagatinata art ar tridu, kam
butiska nozime augsnes mitruma regulacija. Izmantojot dazadu kultiiru mesloSanai

17



sadzives notekiidenu diinas un pelnus, tieck nodroSinata augu baroSanas vielu
atpakalatgrieSana biologiskaja aprite.

Pirmaja gada péc karklu stadijuma ierkoSanas un mésloSanas augsnes paraugi
analizém ievakti no augsnes virskartas (0...20 cm), bet pec platibas méslosanas ar
dinpam otraja gada augsnes analizes veiktas paraugiem, kas ievakti arT no
dzilakajiem slaniem (20...40 cm; 40...60 cm; 60...80 cm). Augsnes kimiskas Tpasibas
analizétas Iidz 80 cm dzilumam ne tikai, lai noskaidrotu augiem piecjamo augu
baribas vielu koncentraciju augsné, bet ari, lai novértétu dazadu elementu patérinu
vai ieskaloSanas intensitati dzilakajos augsnes slanos. Pirmaja sezona péc
méslosanas ar dinam bitiski mainas nodro§inajums ar galvenajiem augu baroSanas
elementiem augsnes virsgja slant (p<0.05).

Salidzinot apmainas slapekja koncentraciju augsnes virskarta un dzilakajos
slanos, konstatéts, ka pirmaja gada péc méslosanas biitiski pieaug (p=0<0.05) viegli
Skisto$o slapekla formu koncentracija augsnes virskarta. Tomér katra izméginajumu
objekta slapekla dinamika augsné ir atSkiriga. Olaines izméginajuma
(mineralaugsng) ierikotajos objektos 2006. gada rudent un 2007. gada pavasarT un
2006. un 2007. gada pavasari apmainas slapekla koncentracija augsnes virskarta (0-
20 cm) méslotaja platiba lielaka un bitiski atskiras (p=0.001<0.05) no kontroles
laukiem (3.1.att.).
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Fig. 3.1. Dynamic of exchangable nitrogen concentration in mineralsoils

Kidras augsném raksturiga lielaka slapekla koncentracija, neka mineralaugsném.
P&c notekiidenu dinu meslojuma izklied€Sanas virsméslojuma, apmainas slapekla
koncentracija kiidras virskarta strauji pieaug (p<0.05)(3.2.att.). Slapekla
koncentracija méslotaja un nemeslotaja dala butiski atskiras tikai augsnes virskarta
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0...20 cm, bet starp slapekla koncentraciju neméslotas un méslotas platibas augsnés
20...80 cm dziluma tika konstatStas mazak biitiskas at$kiribas. Slapekla ieskaloSanas
augsnes dzilakajos slanos ir nenozimiga. Salidzinot slapekla koncentraciju dazados
augsnes slanos, konstatéts, ka izmantojot mineralméslojumu, butiskas atSkiribas
nodros§inajuma ar N paradas lidz otras sezonas sakumam, bet treSaja vegetacijas
sezona krajumi jau izsmelti un 0...80 cm dziluma tie pieejami Iidziga koncentracija
kontroles un méslotaja varianta (3.2.att.).

Divus gadus p&c méslosanas kiidras augsnes nodro§inajums ar apmainas baribas
vielam biatiski atSkiras (p<0.05) ne tikai starp kontroles un mésloto, bet ari starp
abam méslotajam platibam, atSkiribas vérojamas ne tikai augsnes virskarta, bet lidz
pat 80 cm dzilumam.

Tresaja gada pec méslosanas apmainas slapekla koncentracija intensivas saknu
augSanas dziluma (20...40 cm) ar mineralmésliem méslotaja platiba ir mazaka, neka
kontroles un ar dinam méslotajas, kas liecina par to, ka ar mineralme&sliem ienestais
méslojums tiek izmantots straujak. Tomer tris gadus p€c meslosanas nav bitisku
atSkiribu slapekla nodroSinajuma ar mineralmésliem un notekiidenu dinam
meslotajas platibas (p>0.05).

OVKEVD BVM
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3.2. att. Apmainas slapekla dinamika izstradatas atradnes kiidras augsne
Fig. 3.2 Dynamic of exchangable nitrogen concentration in peat soil

Megslotajas platibas slapekla koncentracija augsné (20...80 cm slani) ir mazaka
neka kontroles platiba. Tas skaidrojams ar apauguma veidoSanos un slapekla
saistiSanu biomasa, kamer kontroles platibas apaugums neveidojas, lidz ar to
slapekla krajumi no augsnes netiek iznesti.

Visos stadijumos tilit pec meslosanas, fosfora koncentracija mésloto platibu
augsnes virskarta ir biitiski lielaka neka nemeslotaja (p<0.05) (3.3.un 3.4. att.).
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3.3. att. Apmainas fosfora dinamika izméginajumu objektu mineralaugsnés

Fig. 3.3. Dynamic of exchangable phophorus concentration in mineralsoil

Mgslotaja platiba, kur strauji aug karklu dzinumi, fosfora rezerves augsné otraja
gada, salidzinot ar kontroles platibu, samazinas. Lidz 2007. gadam apmainas fosfora
krajumi augsné ir lielaki méslotaja platiba.

Ar dinam meslotaja platiba Virsu izmeéginajuma (kudras augsne) fosfora
koncentracija ir augstaka neka kontroles platiba. (3.4. att.).

OVKEVD BEVM
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P

3.4. att. Apmainas fosfora dinamika izstradatas atradnes kiidras augsné
Fig. 3.4. Dynamic of exchangable phosphorus concentration in peat soil

Fosfora nodro$inajuma vérojamas atSkiribas, izmantojot mineralméslus un
dunas. Bitiskas fosfora koncentracijas atSkiribas (p<0.05) kontroles un méslotaja
platiba, iznemot otras sezonas rudeni, konstatétas lidz 40 cm dzilumam. Dzilak

20



fosfora koncentracijas atskiriba nebitiska. Fosfora koncentracija augsné ir lielaka ar
dipam méslotaja platiba. Ar mineralmésliem meéslotaja platiba treSas vegetacijas
sezonas beigas fosfora koncentracija ir salidzinosi lielaka virskarta un 40...60 cm
dziluma

Neraugoties uz salidzinoSi nelielo kalija koncentraciju notekiidenu dinas,
pirmaja sezona péc méslosanas, kalija koncentracija mineralaugsnes virskarta
méslototajos laukos ir lielaka, neka kontroles platiba (p<0.05).

Kidras augsné VirSu izméginajumu objekta pirmaja gada péc méslosanas kalija
koncentracija augsnes virskarta ar mineralmésliem méslotaja platiba ir ievérojami
liclaka neka ar notekiidenu dinam méslotaja (3.5. att.). Ar sadzives notekiidenu
diinam meslotaja izstradataja kiidras atradné kalija koncentracija augsné otraja gada
pec meslosSanas visos dzilumos lielaka, neka kontroles varianta, tomér ieverojami
mazaka neka ar mineralmésliem méslotaja platiba. ArT otraja gada péc méslosanas
apmainas kalija koncentracija ar mineralmé&sliem méslotaja platiba augsnes virskarta
ir butiski (p<0.05) lielaka neka kontroles un ar notekiidenu dinam méslotajas
platibas (3.5. att.).

A1 tre$aja gada p&c meéslosanas ar mineralmé&sliem méslotaja platiba kalija
koncentracija ir liclaka neka ar diinam méslotaja platiba.
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3.5. att. Apmainas kalija dinamika izstradatas atradnes kiidras augsné
Fig. 3.5. Dynamic of exchangable potasium concentration in peat soil

Ar diinam méslotaja platiba augsnes dzilakajos slanos (40-80 cm) kalija ir vairak
neka virskarta, elementa koncentracijas samazinaSanos augsnes virskarta var
skaidrot gan ar ta ieskaloSanos augsné, gan akumulaciju augu biomasa.

Tatad, notekiidenu dinu méslojuma efekts augu nodrosinajumam ar N un P
saglabajas vismaz trTs - Cetrus gadus, bet K — tikai vienu gadu, kas skaidrojams ar
salidzino$i mazaku kalija saturu diinu masa.

Baribas elementu koncenraciju izmainu bitiskums (p-vertibas) apkopotas tabula, ar
sarkanu krasu izceltas p vertibas, kas lielakas neka kontrole (3.2. tabula).

21



3.2. tabula / Table 3.2.

P-vértibu atskiribas apmainas baribas vielu koncentracijai izméginajuma
objektos méslotajas un kontroles platibas /
P-values of exchangable macronutrients in different soil depth in fertilized and

non fertilized plots
Olaine, mineralaugsne Virsi, kudras augsne Marupe, mineralaugsne
Elements Olaine, mineralsoil Virsi, acid peat soil Marupe, mineralsoil
datums/ 0-20 {20-40 |40-60 |60-80 |0-20 |20-40 |40-60 [60-80 |0-20 |20-40 |40-60 |60-80
Element, date |cm cm cm cm cm cm cm cm cm cm cm cm
N, 062005 |0.00 | - - - 10.00 | - - - 10.00 | - - -
N, 102005 |0.09 | - - - 10.00 | - - - 10.00 | - - -

N, 062006 |0.31 [0.20 |0.01 |0.05 |0.00 |0.00 [0.19 |0.01 |0.00 |0.98 |0.28 |0.09
N, 102006 |0.00 [0.54 0.29 |0.01 |0.00 |0.00 |0.11 |0.00 [0.00 [0.11 |0.00 |0.00
N, 062007 |0.11 |0.29 |0.11 |0.01 |0.00 {0.00 |0.02 |0.01 |0.00 [0.03 |0.00 |0.00
N,102007 {0.68 |0.19 |0.06 |0.49 |0.11 {0.03 |0.02 |0.19 |0.36 (0.38 |0.07 |0.22
P, 06 2005 0.00 | - - - 10.00 | - - - 10.00 | - - -
P, 10 2005 0.00 | - - - 10.00 | - - - 10.00 | - - -
P,062006 |0.00 |0.00 |0.01 [0.00 [0.00 [0.00 [0.37 |0.05 |0.00 |0.00 [0.04 |0.97
P,102006 |0.58 |0.25 |0.01 |0.02 |0.00 [0.00 |0.00 |0.00 |0.75 |0.41 |0.01 |0.01
P, 062007 |0.04 |0.00 |0.19 |0.34 |0.00 [1.00 |0.33 |0.00 |0.00 |0.00 [0.01 |0.01
P,102007 |0.22 [0.00 |0.09 0.03 |0.13 |0.03 [0.05 |0.09 |0.10 |0.18 |0.20 |0.02
K,062005 |0.00 | - - - 10.00 | - - - 10.02 | - - -
K,102005 |0.00 | - - - 10.00 | - - - 10.00 | - - -
K, 062006 {0.00 |0.96 0.01 |0.00 [0.18 {0.04 |0.06 |0.00 |0.00 [0.01 {0.80 |0.01
K, 102006 |0.12 [0.03 |0.02 [0.00 |0.11 |0.02 [0.01 |0.00 {0.09 |0.01 |0.80 |1.00
K, 062007 {0.02 |0.00 |0.00 |0.00 [0.86 {0.15 |0.00 |0.02 |0.00 [0.00 {0.00 |0.01
K, 102007 |0.14 [0.05 |0.61 |0.20 |0.42 |0.31 [0.15 |0.13 |0.23 |0.31 |0.36 |0.46

Petijuma konstatets, ka kontroles platiba atskiribas slapekla, fosfora un kalija
nodroSinajuma dazados augsnes slanos mazak izteiktas, neka méslotaja platiba.
Tresaja gada pec dinu méslojuma ieneSanas atSkiribas kliist mazak izteiktas, tas
saistits ar viegli pieejamo baribas vielu krajumu samazinaSanos to saistiSanas augu
biomasa rezultata, nevis sakara ar to ieskaloSanos augsnes dzilakajos slanos.
Konstatéta tikai fosfora ieskaloSanas dzilakajos augsnes slanos nelielos apjomos, kas
var biit saistita ar viegli SkistoSo fosfatu paaugstinatu saturu dinas. Fosfora
izcelsmes avots sadzives notekiidenos ir galvenokart dazadi mazgaSanas Iidzekli.
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Savukart, fosfora koncentracija augsné ar mineralmésliem méslotaja platiba dazados
dzilumos atskiras tikai otras un tre$as sezonas pavasari. Kalija koncentracija ir
atSkiriga kontroles un méslotaja varianta Iidz 60 cm dzilumam.

Augsnes virskartas skabums izstradataja kudras atradn€ p&c mesloSanas un
apstrades ar dolomttmiltiem, biitiski atSkiras tikai ar mineralmésliem un dinam
meslotajas platibas (p<0.05). Starp kontroles un ar mineralmésliem mesloto platibu
augsnes skabumu nav butiskas atSkiribas, nedaudz atSkiras virskartas pH tikai
pirmaja gada péc kalkoSanas, vélak efekts ziid (3.3. tabula).

3.3. tabula / Table 3.3.

Augsnes skabuma un Ca, Mg koncentracijas atSkiribu p-vértibas péc
kalkoSanas ar dolomitmiltiem /
P-values of pH, Ca and Mg concentration after liming with dolomite

Analize, paraugu ievaksanas laiks / Analyze, date

Mgslojums /Fertilizer PHkc Mg Ca

062006 |102006 {062007 |10 2007 |06 2006 062007 |06 2006 |06 2007

Neméslots/

) 0.09 10.02 |0.02 |0.01 ]0.00 |0.00 [0.01 ]0.00
nonfertized

Dunu méslojums/

0.76 |0.00 ]0.07 ]0.00 |0.00 |0.00 |0.51 |0.00
wastewater sewage sludge

Meéslots ar mineralmeésliem/

. 0.11 ]0.00 [0.05 |0.20 |0.05 |0.00 [0.00 |0.01
minerals

Izm&ginajuma ar dolomitmiltiem ieglitie rezultati liecina, ka arT salidzinosi lielas
§T materiala virsm&slojuma devas ir nepietiekosas, lai izstradatas kiidras atradnés
nodrosinatu karkliem optimalus augSanas apstaklus (pH 5.5 Iidz 6.5). Dinam piemit
augsnes skabumu samazino$as IpaSibas, kas nav konstatétas mineralméslojumam.
Dinu méslojuma neitraliz€josas TpaSibas aprakstitas arl citu autoru petjjumos
(Kaposts & Karin§ 1998, Kaposts et al. 2002, Hasselgren 2003, Dimitriou &
Aronsson 2005, Komarowski et al. 2005, Vucans et al. 2005).

Somija un citas valstis, ka kaliju saturo§s méslojums un augsnes skabumu
samazino$s agents, ar labam sekmém tiek izmantoti pelni (Hytonen 2003, Leupold
2006, Shen et al. 2008). Izm&ginajuma, kas ierikots vegetacijas traukos, sajaucot
dinu kompostu, kiidru un pelnus, panakts v€lamais ka/koSanas rezultats.
Vislielakais efekts panakts, pievienojot pelnus kiidras un komposta maisijumam,
kura izejmaterialu attieciba péc tilpuma ir 4:1. Ar pelnu devu, kas ekvivalenta
10 t ha'! substrats kliist baziskaks par 2.4 vienibam, bet pelnu piedeva, kas atbilst
20 tha'! samazina substrata skabumu par 2.8 vienibam. Savukart kiidras un
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komposta maistjumam proporcijas 1:1, pelnu pievienoSanas rezultata skabumu
izdevas samazinat attiecigi par 1.4 un 1.9 vienibam. Optimalu substrata pH
iespejams panakt, lietojot pelnu devu 10 t ha' (substrata pHycer vegetacijas sezonas
beigas bija 6.5-7.0). Nosakot substrata pHkc ik pec divam nedélam, konstatéts, ka
sezonas laika substrata pHgce svarstibas ir nebitiskas, iznpemot substratiem ar
maksimalo pelnu piedevu (p=0.99>0.05). Substratu variantu pHkc vertibas sezonas
beigas atskiras bitiski.

Veicot korelacijas analizi baribas vielu koncentracijai substrata un virszemes un
pazemes biomasai, konstatéts, ka starp visiem raditajiem pastav statistiski biitiskas
sakaribas. Fosfora koncentracija substrata cieSi korele ar visiem biologiskajiem
raditajiem (r=0.63...0.81), komposta piedevas daudzums korele ar dzinumu
augstumu un fosfora koncentraciju substrata (r=0.76), ka ar1 vides reakciju (r=0.72).
Pelnu piedeva ciesi korele tikai ar substrata vides reakciju (r=0.79). Dzinumu
augSanu garuma veicina augstaka slapekla koncentracija substrata.

3.1.2.  Plantaciju augsnes un augu biomasas piesarpojums

Izméginajumos izmantotie mé&slosanas lidzekli, pelni un diinas, satur ne tikai
augiem nepiecieSamas baribas vielas, bet arT smagos metalus lielaka koncentracija,
neka tas nepiecieSams augu mineralajai baroSanai.

Saja pétijuma konstatéta smago metalu koncentracija karklu dzinumos, salidzinot
ar citos literatiiras avotos sniegto informaciju, (Mathé-Gaspar et al. 2005, Adlera et
al. 2005, Wishniewska et all. 2006) ir neliela. Kaut gan karklu koksnei raksturiga
sp&ja saistit no augsnes kadmiju, promocijas darba ietvaros veiktas analizes
neuzradija butisku kadmija koncentracijas pieaugumu karklu koksné kas iegiita no
izm&gindjuma méslotaja varianta.

Lictojot sadzives notekiidenu diinu méslojumu, augsné drikst ienest smago
metalu devas, kas neparsniedz Ministru kabineta noteikumos (Nr. 804 2005. gada
25. oktobra un Nr. 362 no 2006. gada 2. maija) noteiktas limitgjosas vertibas, kas tika
ievérots §1 darba ietvaros ierikotajos lauka izméginajumos. Ar dinam mésloto
izméginajumu augsnes virskarta (0...20 cm) smago metalu koncetracija neparsniedz
piesardzibas robezlielumus, mineralaugsné 2005. un 2006. gada nav konstatetas
bitiskas izmainas smago metalu koncentracija. Arl s€ra, kur§ parvietojas augsné
kopa ar smagajiem metaliem, saturs dzilakajos mineralaugsnes un kiidras slanos
nepalielinas, noradot uz to, ka smago metalu ieskalosanas augsnes dzilakajos slanos
izméginajumu laika nav notikusi. Kiidras augsné vérojama izteiktaka smago metalu
koncentracijas pieauguma tendence, tas saistits galvenokart ar organiskas vielas
mineralizé$anos augsnes virskartad un mineralas frakcijas picaugumu, jo organiska
oglekla daudzums samazinas tieSi kiidras virskarta, kas liecina par to, ka meslojums
veicinajis biologisko organisko vielu noardiSands - mineralizé8anas procesu un
attiecigi, arT smago metalu, Tpatsvara pieaugumu.
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Vegetdcijas traukos ierikotaja eksperimenta summeéjas ar diinu kompostu un koksnes
pelniem ienesto smago metalu koncentracija. Eksperimenta beigds smago metalu
koncentracija substratos ar pelnu un komposta piedevam nedaudz samazinas vai saglabajas
sakotngja stavokli, iznemot karklu stadijumu ar maksimalo komposta un pelnu devu, kur
smago metalu koncentracija picaug par 7..24 %, kas, lidzigi ka lauka izmé&ginajumos,
saistits ar organiskas vielas mineralizaciju un pelnvielu satura palielinasanos (3.6. att.).
Organiskas vielas daudzums dazados variantos samazinajies par 4 lidz 40%, salidzinot ar
sakotngjo stavokli. ST pasa iemesla d&] smago metalu koncentracija substrata palielinajusies
[idz 3 reizes art kontroles varianta.
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3.6. att. Oglekla koncentracijas izmainas substrata
Fig. 3.6. Concentration of carbon in substrates before and after experiment

Viens no faktoriem, kas visvairak ietekmg&a smago metalu koncentracijas
izmainas substrata, ir organiskas vielas mineralizacija.

3.2. Dazadu karklu Skirnu produktivitates parbaude
3.2.1.  Plantaciju raZiba daZadas augsnées

Visos 2005. gada izméginajumu stadijumos, kuros salidzinata augsnes veida
ietekme uz karklu augSanu, izmantoja $kirni Sven, kas pirmaja gada uzradija labakos
augSanas raditajus.

Salidzinot vienada vecuma karklu dzinumu morfologiskos raditajus 2006. un
2007. gada beigas (3.4. tabula), redzams, ka skabas augsnes ar biezu kiidras slani
karklu audzesanai nav piemerotas.
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3.4. tabula/ Table 3.4

Nemeéslotu karklu dzinumu morfologiskie raditaji dazados objektos/
Measurement data of non fertilized shoots of Salix on different sites

UzmérTjums / Measurement | Augsne / Soil type X S5

2006. gads — divgadigi / 2006 biennial sprouts

. mineralaugsne / mineralsoil 9.27 0.08
Caurmeérs pie pamata, mm /
Sprout base diameter, mm kidra / peat 323 0.14
mineralaugsne / mineralsoil 165.32 4.19
Augstums, cm /
Height, cm kiidra / peat 23.38 1.16

2007. gads — trisgadigi / 2007 triennial sprouts

. mineralaugsne / mineralsoil 10.92 0.30
Caurmers pie pamata, mm /
Sprout base diameter, mm kadra / peat 436 038
mineralaugsne / mineralsoil 246.02 0.06
Augstums, cm /
Height, cm kiidra / peat 35.23 1.62

Mineralaugsn@s ierikotajos izméginajumos nav butisku atskiribu (p=0.95>0.05)
starp dazadiem karklu dzinumu augSanas raditajiem, bet atSkiribas starp
mineralaugsn€ un kadra izauguso karklu dzinumu garumiem un caurmériem
batiskas (p<0.05).

3.2.2.  Dinu meslojuma ietekme uz karklu produktivitati

Pirmaja augSanas gada mineralaugsné notekiidenu dinpu meéslojuma ietekmé
karklu dzinumi augusi atrak, veidojusi vairak un resnakus dzinumus neka kontrole,
tomer atSkiribas nav biitiskas (p>0.05) (3.5. tabula).

Atskiribas starp méslotajiem un neméslotajiem dzinumiem izmé&ginajuma
objekta mineralaugsné konstatetas tikai otraja sezona, kad butiski atskiras dzinumu
diametrs (p<0.05), bet dzinumu garuma atSkiribas Vel ir statistiski nebutiskas
(p=0.41>0.05). Trisgadigiem dzinumiem 2007. gada bitiski atskiras gan dzinumu
garums, gan caurmérs (3.5. tabula).
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Izm&ginajumos konstatéts, ka kiadras augsné notekiidenu danu virsméslojums
neatstdj pozitivu ietekmi uz karklu spraudenu apsaknos$anos un dzinumu attistibu.

3.5. tabula/ Table 3.5.

Karklu dzinumu morfologiskie raditaji méslota un kontroles platiba /
Growth parameters of Salix in control and under wastewater sludge fertilization

Raditajs / Measurement Mgslojums / Fertilizer X S+

2005. gads — viengadigi / 2005 annual sprouts

Caurmérs pie pamata, mm / | kontrole / control 5.19 |0.15

Sprout base diameter, mm | notekiidenu diinas / watsewater sewage sludge |5.06 |0.08

Augstums, dm / kontrole / control 62.34 [2.39

Height, cm notektudenu diinas / wastewater sewage sludge | 63.39 |1.38

2006. gads — divgadigi / 2006 biennial sprouts

Caurmeérs pie pamata, mm / kontrole / control 9.27 0.8

Sprout base diameter, mm | notekiidenu diinas / wastewater sewage sludge | 10.59 | 0.09

Augstums, dm / kontrole / control 165.32 14.19

Height, cm notektidenu diinas / wastewater sewage sludge | 161.98 | 1.63

2007. gads — trisgadigi / 2007 triennial sprouts

Caurmgrs pie pamata, mm / | kontrole / control 10.92 10.30

Sprout base diameter, mm | notekiidenu diinas / wastewater sewage sludge | 12.26 | 0.15

Augstums, cm / kontrole / control 246.02 | 0.06

Height, cm notektidenu diinas / wastewater sewage sludge |266.81 | 1.25

Galvenais iemesls karklu bojaejai kiidras augsnés ir tas, ka karkli iekalst un tiek
sala izcilati, bet vélak sak iedarboties kiuidras augsnes zema pH reakcija. Kudras
augsné 2005. iertkotais un 2006. gada atjaunotais karklu stadijums ieaudzis vaji
veidotas biomasas atskirtibas starp meéslotajiem un neméslotajiem dzinumiem
nebitiskas  (p>0.05). Tapéc vegetacijas traukos ierikotaja eksperimenta tika
modeléta situdcija, kad meslojumu iestrada augsné. Saja izmégindjuma konstatéts,
ka visos substratos, iznemot kontroli spraudeniem veidojas sp&cigi dzinumi un
apsaknosanas notiek labi.

Izstradataja kiudras augsné ierikota stadijuma méslotie karklu dzinumi ir siki —
butiski mazaki, neka mineralaugsné staditie (p<0.05)(3.6. tabula). Mineralaugsne
ierikotajos Marupes un Olaines méslotajos izmégindjumu objektos augu$o karklu
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dzinumu garumu un caurméru atskiribas ir statistiski butiskas tikai divgadigiem
dzinumiem 2006. gada (p<0.05). Bet 2007. gada statistiski biitiskas at$kiribas netika
konstatetas (p=0.43>0.05) (3.6. tabula).

3.6. tabula / Table3.6.

Ar notekiidenu diinam méslotu karklu dzinumu morfologiskie raditaji /
Measurement data of fertilizer Salix sprouts on different growth conditions

Raditajs / Measurement Izmgginajumu objekts / Object X Sx
2006. gads — divgadigi / 2006 biennial sprouts
el . feoil Olaine 11.42 |0.17
5rq pi mineralaugsne / mineralsoi
Caurmers pie Pamata, mm / Marupe 1059  10.09
Sprout base diameter, mm
kadra / peat Virsi 3.39 1.60
ol . leoil Olaine 236.70 |17.74
mineralaugsne / mineralsoi
Augstums, cm / Miarupe (16198 |1.63
Height, cm
kadra / peat Virsi 42.75 |14.11
2007. gads — trisgadigi / 2007 triennial sprouts
—— i looil Olaine 1543 |2.50
Erq D mineralaugsne / mineralsoi
Caurmeérs pie pamata, mm / g Marupe 1226 1015
Sprout base diameter, mm
kiidra / peat Virsi 4.86 0.38
ol | mineralsoil Olaine 276.07 |3.74
mineralaugsne / mineralsoi
Augstums, cm / Marupe  |266.81 |1.25
Height, cm
kuadra / peat Virsi 81.63 |7.89

Iegtitie rezultati liecina, ka diinu méslojumu var izmantot vieglu mineralaugsnu
bagatinasanai ar trudvielam, slapekli, fosforu un citiem augu baroSanas elementiem,
ierikojot atraudzigo karklu plantacijas un vienlaicigi atgriezot dinas deponétas
baribas vielas biologiskaja aprite.

3.2.3.  Karklu plantaciju produktivitates dinamiku ietekméjosie faktori

Ne mazak svariga nozime, ka augsnes veidam un baribas vielu nodro§inajumam
taja, ir iedzimtibai, tapec notiek atraudzigu un viegli Skeldojamu karklu skirnu
izveide, veicot selekcijas darbu. Promocijas darba ietvaros, Skirnu salidzinaSanai
uzmériti divi izmégingjumu stadijumi, kas Olaines kokaudzg&tava ierikoti 2004. un
2006. gada.
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Skirne Sven pirmaja gada apsaknojas labak un auga straujak, neka citas kirnes.
Pirmaja un otraja gada dazadam $kirném viengadigu dzinumu morfologiskie raditaji
batiski atSkiras (p<0.05)(3.5. att.). Salidzinot morfologiskos raditajus viengadigiem
dzinumiem pirmaja gada péc iestadiSanas, piemeram, (2006. gada) un otraja gada
péc nozagesanas ataugusiem (2007. gada), redzams, ka otraja gada karklu augSanas
raditaji ir labaki, seviski strauju raZibas kapinajumu sasniedza skirne Torhild.
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stadijuma vecums un morfologiskie raditaji / season and growth parametrs

3.7. att. Dazadu karklu $kirpu viengadigu dzinumu morfologiskie raditaji
pirmaja un otraja sezona

Fig. 3.7. Growth parametrs of one year old sprouts of different salix clones

Skirnes Sven salidzino$i labaka augSana pirmaja sezona rada maldigu iespaidu
par tas potencialo razibu, jo, ka to novéroja vecakas plantacijas, turpmakajos gados
tas strauji atpalieck augSana un 2-3 gada Sven virszemes biomasas kraja uz
smilSainam skabam augsn€m ir aptuveni 2 reizes mazaka, neka Torai un Torhild
lidzigos augSanas apstak]os.

Produktivitates petijumu veikSanai 2004. gada ierikotaja plantacija, pétita
viengadigu, divgadigu un trisgadigu dzinumu veidota kraja dazadam karklu skirném,
ka ari dzinumu ataugS$ana un produktivitate, praktiz&jot 1, 2 un 3 gadu rotacijas
ciklu. Konstatets, ka karklu augSana visstraujak notiek otraja gada, bet treSaja gada
turpinas dzinumu nobrie$ana un augSana garuma notiek Iénak (3.8. att.). Skirnes
Sven divgadigie un trisgadigie dzinumi ir mazaki un bitiski atSkiras (p<0.05) no
Toras un Tornhild dzinumiem. Latvijas apstaklos ierikotajos izméginajumos karklu
biomasa viengadiga plantacija ir 4..5 tasms, bet divgadiga plantacija
12...30 tusms ha™!, tatad pieaugums gada 6...15 tusms, Kas ir Joti labs raditajs.

Olaines izméginajuma, viegla augsné ar danam méslotiem un baribas vielam
nodroSinatiem karkliem, vislabakos augSanas raditajus 3 gadu rotacijas cikla
uzradija Skirne 7ora. TreSaja gada samazinas dzinumu skaits, jo tie tiek no€noti un
atmirst stkakie dzinumi
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@ Biomasa, t sausnas ha-1/ tDM ha-1

biomasabiomas:

1(2006)| 2 (2007)| 2 (2006) | 3 (2007) | 1 (2006) |2 (2007) | 2 (2006) | 3 (2007) | 1 (2006) | 2 (2007) | 2 (2006) | 3 (2007)

Torhild

dzinumu vecums (gads) un karklu $kirne / age of sprouts (year) and salix clone

3.8. att. Karklu $kirnu raziba
Fig. 3.8. Productivity of salix clones

Karklu skirnu Sven, Tora un Torhild trisgadigiem dzinumiem 2007. gada
augusta, pirms vegetacijas sezonas beigam, noteikta dzinumu zala masa ar un bez
lapam, ka arT - atseviski lapu masa. Visam Skirn€m viena dzinuma un lapu masa
biitiski neatskiras, nav bitiskas arT mitruma atskiribas (p<0.05) Sausnas noteikSanai
ievaktajiem dzinumiem starp pargjam Skirném izcelas Torhild caurmérs kriiSu
augstuma (p=0.006<0.05) un piec pamata (p=0.003<0.05), ka ari masa
(p=0.001<0.05). Butiski atSkiras visu Skirnu dzinumu garumi Tora un Torhild
(p=0.007<0.05) (3.7. tabula).

3.7. tabula / Table 3.7.

Dazadu karklu $kirpu 3 gadigu dzinumu biologiskie raditaji /
Biological parameters of tre-year-old sprouts of different Salix clones
Garums, m / |Masa, kg / Lapu masa, |Dpam., mm Rglaﬁvals
&1 DBH, mm . . kg / Leaves |/ mitrums %
Skirne / Height, m Biomass, kg . .

Clone weight, kg |Dbase, mm |Moisture %

X | S| X | S| X | S| X | Syp| X | S;| X | S

X X X X

Sven 19.95]1.05 [5.23 |0.26 [0.78 ]0.12 |0.54 |0.26 |25.00|1.69 [49.00|1.53

Torhild |26.69(1.80 |6.11 ]0.33 |1.81 |0.28 |0.46 |0.05 |35.19|2.05 |46.67 |0.88

Tora 19.691.42 |4.78 |0.22 |0.75 |0.13 |0.22 |0.03 |25.50|1.71 |48.67|0.67

21981092 |5.37 |0.17 |1.09 |0.12 |0.41 |0.10 |28.35|1.22 |48.11|0.66

I
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Starp karklu dzinumu caurméru krisu augstuma (DBH) un biomasu pastav
ciesas sakaribas, kas izmantojamas uzmériSanas procesa atviegloSanai divgadigiem
un trisgadigiem karklu dzinumiem (3.9. attéls).

X dzinums bez lapam (kg) \ Power Regression for

4 dzinums bez lapam (kg)
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3.9. att. Karklu dzinumu masas un caurméra kriiSu augstuma sakaribas

Fig. 3.9 Interdependence of salix sprouts DBH and biomass

Karklu biomasas un krajas aprékinam izmantojama pakapes formula, ko izveido,
izmantojot nejausas izvéles rezultata ievaktu dzinumu uzmérijjumus.

3.3. Agrotehniska specifika, izstrades tehnologijas un
notekiidenu diinu izmantoSanas modela ekonomiskais
veértejums

3.3.1.  Plantaciju ierikoSana un uzturéSana

NoteicoSais faktors veiksmigai karklu plantaciju ierikoS$anai, izmantojot
spraudenus, ir nezalu konkurences noverSana pirmaja sezona, kas visefektivak
panakama, iepriek$gja gada veicot dzilarSanu, un turot plantacijai paredz&to platibu
melnaja papuvé vismaz vienu gadu. Pirms stadijumu ierikoSanas plantacija
apstradajama ar sisteémas iedarbibas herbicidiem, kas paredz&ti varpatas, graudzalu
un divdigllapju nezalu iznicina$anai. Olaines izméginajuma augsné, kas iepriekseja
gada tika turéta melnaja papuvé un méslota ar diinam tikai otraja gada péc karklu
iestadiSanas, nezalu apkaroSanu veica ar fr€zi, apstradajot augsni rindstarpas.
Rezultata $aja izmégindjuma ieaugums bija 89...95%. Otraja gada péc mésloSanas
dzinumi atauga tik strauji, ka pietika ar vienu rindstarpu frézeSanu, turpmakajos
gados kopsanas pasakumi nav javeic.
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Marupes izmégindgjuma kontroles varianta icaugu$i 75% spraudenu, bet ar
dinam méslotaja dala — 71%. Galvenais iemesls spraudenu bojaejai kontroles
variantd ir sausums pirmaja augSanas sezona, bet méslotaja variantd — nezalu
konkurence. Otraja sezona veikta kultiru kopSana izplaujot zali.

VirSu izméginajuma parcelas, kur izkliedétas dipas un dolomitmilti, kadras
skabums samazinas, tomér izstradataja kiidras atradng lielaka dala karklu spraudenu
pEc apsaknosanas un pirmo dzinumu paradi§anas nespgj talak augt, dzinumi nokalst
un saknes atmirst. Pirmaja gada kalkotajas parcelas izmé&ginajuma objekta Virsi
icaug 71% spraudenu, bet otraja gada saglabajas tikai 15 %. Ar mineralmésliem
méslotaja un kalkotaja platiba icaugusi tikai 39 % spraudenu, bet 2007. gada no tiem
saglabajas tikai puse. Saglabajusies dzinumi, neraugoties uz méslosanu, ir tievi un
1si. Otraja gada p&c meslojuma ieneSanas sadigst bérza, apses un priedes un dazadu
lakstaugu seklas. Sie augi rada konkurenci nelielajiem karklu dzinumiem, nomacot
tos.

Iegtitie rezultati liecina, ka diinu m&slojumu var izmantot vieglu mineralaugsnu
bagatinasanai ar tridvielam, slapekli, fosforu un citiem augu baroSanas elementiem,
ierikojot atraudzigo karklu plantacijas, vienlaicigi atgriezot diinas deponétas baribas
vielas biologiskaja aprite.

Karklu plantacijas pirmajos gados prasa lielakus kapitalieguldijumus un
intenstvaku kopSanu, toties pirmo produkciju un ienakumus var git jau 3. lidz
5. gada péc plantacijas ierikosanas.

3.3.2.  IerikoSanas, agrotehniskas kopSanas un uztureSanas izmaksas

Aprekini veikti atbilstosi lauksaimniecibas pakalpojumu cenam 2007. gada,
pienemot, ka visa iertkoSanai nepiecieSsama tehnika tiks nomata un mazkvalific€tos
darbos stradajosie laukstradnieki sanems vidéjo darba algu, kada ta bija Pierigas
regiona 2007. gada beigas.

Atkariba no Ipasnieka riciba esoSas tehnikas un platibas aizz€luma, viena ha
karklu plantacijas ieriko$ana, neskaitot méslojuma izmaksas, svarstas robezas no
698 lidz 1152 LVL ha™'.Stipri aizzelusas platibas jarekinas ar papildus izdevumiem
~ 60 LVL ha', citadi stadijuma icaugSanas var biit apdraudéta un uz platibas
sagatavoSanu ieckonométie Iidzekli neattaisnosies, jo, neieaugot stadijumam,
zaud@jumos ieskaitami ne tikai 529...762 LVL par stadijuma ierkoSanu, bet ari
pirmaja gada platibas arSanai izterétie 134..233 LVL, kopuma zaud&umi ap
1000 LVL ha™.

Ar sagatavoSanas darbiem pirms karklu plantaciju ierikoSanas saistitas izmaksas
un tiesi ar ierikoSanu un apsaimnieko$anu saistitas izmaksas dotas 3.8. tabula.
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3.8. tabula / Table 3.8

Plantacijas ierikoSanas un apsaimniekosanas izmaksas /
Costs of plantatation establishment and management

Gads / Year | Veicamais pasakums / Izmaksas LVLI1 ha' no — Iidz /
Activity Interval of costs
1. gads / - sagatavoSana izmantota lauksaimniecibas zemé kopa / 75 127

first year Soil preparation on cropland (total)

- ja sagatavoSana neizmantota lauksaimniecibas zeme stipri 59 | 125
aizz€lusa platiba ir javeic papildus pasakumi /
soil preparation on abandonen grass-covered agricultural

sagatavoSana neizmantotd lauks. zemé kopa / 134 1233
Soil preparation (total)

2. gads / Stadmateriala sagade 12 - 15000/ha, (0,03 Ls gab.)

second year | kultivéSana, apstrade ar herbicidiem (smidzinasana + herbicids)
atkartota kultivésana (ja platiba aizz€lusi - daudz nezalu)

pievelsana, platibas mark&Sana, stadisana, ravéSana, rindstarpu plausana,
dzinumu plausana (kriimgriezis, plaujmasina)/

Planting material, soil treatment, herbicides, tillage, rolling down,
designation, planting, weed management, grass cutting, first harvest etc.

kopa / total 529 ‘ 762
3. gads / méslojuma izklied€Sana; rindstarpu frézésana; rindstarpu plausana /
third year Spreading of fertilizer, milling between rows, grass cutting between rows
kopa / total 24 |72
4.-5. gads / | oktobris — marts / October -March 70 |85
fourth - fifth | dzinumu plausana + SkeldoSana =
year (paSggjejstsavacgjpickabe ) /
Harvesting+chipping = harvester + container
1. aprite kopa (LVL) / First rotation 698 | 1152

3.3.3. Izstrades izmaksas

Promocijas darba izmg&gindjuma objektos izstrade, izmantojot roku darba speku,
veikta 2004., 2005. un 2006. gada ierikotajas plantacijas, bet paSgajéju smalcinataju
- 2004. gada ierikotaja plantacija. Karkli zageti ar kramgrieziem un savakti ar
rokam, veidojot nelielas kaudzites, kuras pec tam ar pievedg&jtraktoru tika novestas
lauka mala. P&c apzavesanas karkli saskeldoti ar mobilo Skeldotaju ar rokas padevi.
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Lielas plantacijas izstradi veic ar pasgaj&jiem smalcinatajiem, kas vienlaicigi noplauj
un sasmalcina karklu dzinumus. Salidzinot ar mobilo Skeldotaju iegiito Skeldu
kvalitati ar pasSgaj€ja smalcinataja sagatavotajam karklu skeldam, promocijas darba
izmégindjuma objekta ar pa$gdjéju smalcinataju iegutajas Skeldas ir lielaks siko
dalinu frakcijas ipatsvars. SadegSanas siltums Olaines izmé&gindjuma iegilitajam
Skeldam ir 18.89...18.93 MJ/kg.

Kopgjas izmaksas 1 ber.m® noplausanai, savakSanai, pievesanai (vidgji 300 m),
saSkeldosanai ar mobilo Skeldotaju un piegadei uz patérina vietu (vidgji 50 km) ir
4.68 LVL (3.9. tabula).

3.9. tabula / Table 3.9

Energetiskas koksnes sagatavosanas izmaksas/
Costs of energy wood production

Oeracija/ Izstrade / | Savak3ana / | Skeldosana/ | PieveSana/ | Transports/ | Kopa/
Operation Harvesting | Collection | Chhiping Supplaying | Transport | Total
Izmaksas, LVL gada™'/ Costs LVL Yearly

Investicijas/ | 116 - 54 693 23 673 16 326 94 808
Investments

Atalgojums/ |11 180 7 985 31747 31747 28 747 111 407
Salaries

Darbs/ 1171 151 832 38 464 38 539 230 006
Operation

Kopa/ Total |12 467 7 985 238272 93 884 83613 436 221
Darba produktivitate/ Productivity

ber.m ‘B¢, |5.24 5.64 50.00 38.44 26.25 -
ber.m’gada | 10 947 12 176 178 600 137 305 96 401 -
Rezultats / Result

LVL m?3* [1.14 0.66 1.33 0.68 0.87 4.68

Salidzinot ar jaunaudzu kopSana iegiitajiem datiem (Lazdins$ et al. 2007), laika
patérin energétiskas koksnes plantaciju izstradei ar rokas darba instrumentiem
optimalos apstaklos ir 2.5 reizes mazaks. Optimalos darba apstaklos degvielas
patéripd ir 0.17 1 ber.m”, salidzinajumam, jaunaudzu kopSanas izméginajumos
degvielas patérind uz 1 berm™ ir 0.3 1. Izstrades vecuma esoSajas plantacijas
(2- 3gadi), kuras izmantots selekcionéts stadamais materials, vidgjais laika paterins
1 ber.m® nozagesanai ir 15...18 miniites, bet kopa ar savakSanu — 22...28 minites.
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Parrékinot uz 1 ha, laika patérin$ karklu nogrieSanai un savakSanai ir 68 stundas.
CLAAS Jaguar 680 paSgdjéja smalcinataja ar HS-2 hederi raziba lidzigos darba
apstak]os ir 2..3 stundas uz ha™.

Izteikta korelacija konstateta starp kopgjo kraju, 1 dzinuma nogrieSanai patéréto
laiku (r=0.81) un 1 ha noplausanai patéréto laiku (r=0.79). Tas liecina, ka plausanas
atrums atkarigs galvenokart no kopgjas krajas un vidéja dzinuma izméra. Sikkoku
savakSanas ctapa konstatéta korelacija starp vidgja dzinuma tilpumu un laika
patérinu 1 dzinuma savaksanai (1=0.72) — jo lielaki dzinumi, jo vairak laika aiznem
to savaksana.

Karklu plantaciju apsaimniekoSanai izmanto lauksaimniecibas tehniku, pie
kam iertkoSanas un kopsanas darbi kalendaraja laika grafika tikai dal&ji parklajas ar
tehnikas noslogojumu tradicionalo lauksaimniecibas kultiru audz&sanai.

3.3.4.  Potencialie ienakumu avoti

Karklu plantacijas razo beramo kurinamo (Skeldas), ko velak var parstradat
briketgs, granulas vai izmantot tapat skeldu veida. Tomér §keldas var izmantot art ka
mulcas materialu daildarznieciba. Savukart, karklu kliigas var izmantot kapu un
stavu nogazu nostiprinasana, ka arT nozogojumu ierikosanai.

Otraja gada péc stadijuma ierikoSanas no 1 ha var ieglit stadmaterialu
10...15 takst. LVL vertiba. Izmantojot karklu plantacijas energétiskas koksnes
ieguvei, vidgjais biomasas krajas picaugums gada ir 8...10 teusms (20...25 m®). Viena
aprité videji iegiist 28...30 tuums (70...75 m?) optimali Iidz 150 m’.

Rekinot valsts meéroga, teorétiskais bruto pelnas ieguvums no karklu plantaciju
ierikoSanas sadzives notekiidenu diinu utilizacijas un energgtiskas koksnes ieguves
$o jautajumu kompleksai risinaSanai ir 1 728 111 Ls. Izmantojot karklu mé&slosanai,
notekiidenu diinas 10 tyusms ha™ reizi 5 gados (2 tausms ha' gada) atbilstosi esoSajiem
diinu razoSanas apjomiem, gada iesp&jams ierikot 14 589 ha plantaciju, kas ik gadu
dotu vid&ji 10 tuums ha' biomasas pieaugumu. Sajas platibas ik gadu varétu sarazot
138 596 tousms Skeldu gada, kas pie realizacijas cenas 35 LVL par tyums ir
4 850 843 Ls. Sadedzinot $o kurinamo, iesp&jams sarazot 554 384 MWh energijas.
Lai apkurinatu privatmaju ar apkurinamo platibu 150 m?* nepiecieSami 3.5 ha karklu
plantaciju.
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4. GALVENIE SECINAJUMI UN IETEIKUMI

Secinajumi:

1. Plantaciju iertkoSanu Latvija ierobezo nepilnigas zinasanas un pieredzes
trikums par :

* notekiidenu diinu ietekmi uz vides kvalitati;

*  piemerotakajam karklu Skirném;

«  plantaciju ierikoSanas un apsaimnieko$anas tehnologijam.

2. Diinu meslojuma efekts:

+  mineralaugsnés tiek ienesta papildus organiska viela, ka ar1 butiski
papildinati mineralas barosanas elementu (N, P, Ca un Mg)
krajumi un uzlabots augsnes hidrologiskais rezims;

+ kiudras augsnés bitiski papildinatas fosfora rezerves, kas sekmé
vietg§jo koku sugu pass€ju un dabigo apmezoSanos; strauju
zemsedzes veidoSanos

« tick nodroSinata augstas produktivitates un rentablu Tscirtmeta
plantaciju apsaimnieko$ana;

+ meslojuma izmantoSana nepasliktina vides kvalitati (butiski
nemainas smago metalu daudzums un nenotick mineralo
barosanas vielu infiltréSanas dzilakajos augsnes slanos).

3. Notekiidenu dinam ir salidzino$i neliels kalkoSanas efekts. Diinu
méslosanas efektivitati paaugstina koksnes pelnu un dolomitmiltu piedeva.
Sis piedevas samazina augsnes skabumu un ir mineralas baroSanas
elementu papildus avots. Izmantojot dolomitmiltus kidras augsnu
neitralizé$anai, deva 10tha' nodro§indgja pH izmainas par 0.6...1.2
vienibam. Biitiskas pH izmainas konstatgtas tikai dazus centimetrus bieza
augsnes virskartas slani. Izmantojot kiidras neitralizéSanai Iidzvertigu devu
koksnes pelnus, substrata neitralize€sanas efektu iesp&jams panakt atrak.

4. Noskaidroti sekojosi produktivitates raditdji - karklu plantacijas 3 gadu
rotacijas cikla Skirnes Tora un Torhild, kas promocijas darba atzitas par
piemerotakajam Latvijas apstakliem, iesp&jams iegtt 28...31 tiusnas;

5. Promocijas darba atzinu praktiskai izmanto$anai izstradats Tscirtmeta
plantaciju ierikoSanas un apsaimniekosanas modelis, ka arT veikts ta
ekonomiskais izvertgjums.
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Ieteikumi:

1.

Pienemot 1émumu par plantacijas ieriko$anu, javeic: augsnes un iesp&jamo
risku izpete; janosaka optimalais meéslojuma veids, deva un iestrades
pan@miens; jaizvelas atbilstosakais stadmaterials; janoskaidro dingu un
pelnu piegades nosacTjumi, tani skaita transportéSanas un iestrades
izmaksas un produkcijas realizacijas iespgjas.
Ieteicamas diinu méslojuma devas:

+  mineralaugsnés izmantojama deva 10 tyums ha™ ar iestradi augsné

reizi 5 gados;
+ kidras augsnés virsméslojuma lietojami diipu — koksnes pelnu
komposti 20 teysns ha™.

Pirms karklu plantacijas ierikoSanas lauksaimniecibas augsnes turamas
melnaja papuvé vienu gadu. Mg&slojums ienesams otraja sezona, to
iestradajot rindstarpas. Atkartotu méslosanu veic katra rotacijas cikla (2...4
gadi) beigas péc karklu dzinumu novaksanas.
Karkli nav pieméroti audzeSanai skabas kiidras augsnés ar biezu kiidras
slani.
Karklu plantaciju ieriko$ana noteicoSa nozime platibas sagatavoSanai.
Karkli plantacijas ieriko$anas izmaksas ir 698...1 152 LVL.
Talakai pavairoSanai un plantaciju ierikoSanai Latvija izmantojamas
razigakas Skirnes Tora un Torhild. Produktivakajas plantacijas velams
samazinat rotacijas ciklu no 3 uz 2 gadiem. Bitisks ir ne tikai méslojuma,
bet ar Skirnes efekts, pieméram, neméslotas karklu plantacijas trisgadigu
dzinumu un meslotas plantacijas Skirnes Sven divgadigo dzinumu krajas
Iidzigas 9...11 teumss ha'.
Nelielu plantaciju izstradei lietojami rokas darba instrumenti. Karklu
plantacijas izstrade ar rokas darba instrumentiem izmaksa 4.68 LVL par
kubikmetru. Selekciongtu karklu plantacijas darba raZigums iev&rojami
augstaks, tomér, ja nolemts audzet karklus riipnieciskos apjomos,
iegadajamas iekartas, kas paredzetas karklu plausanai un montgjamas uz
pasgajéjiem smalcinatajiem, kurus izmanto lauksaimniecibas kultliru
biomasas novaksanai vai meZzizstradg.
Potencialie ienakumi otraja gada veidojas no jauno dzinumu pardoSanas
stadmaterialam jaunu plantaciju ieriko$anai un apzalumosanas darbiem
(0.08 LVL vica). Sakot ar treSo gadu pec plantacijas ierikoSanas, viena
rotacijas cikla iegistami vismaz 150 ber.m® ha' koksnes, kas atbilstosi
2007. gada cenam ir 900 LVL.
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1. GENERAL DESCRIPTION

1.1. Topicality of the theme

An interest about the production of renewable energy from different source including
wood is growing among the world countries. Topical issues become not only production of
solid biofuel, but also utilization of organic wastes, including wastewater sludge. The aim
of the studies summarized in this dissertation is to solve both of these problems
simultaneously by using of the wastewater sludge as a fertilizer in short rotation willow
plantations thus increasing a productivity of the plantations. Opportunities to increase
efficiency of the sludge fertilizer combining with wood ash and other liming materials are
studied in this work.

An interest about willow plantations is increased in several European countries during
the last 5-8 years. It is promoted by several factors, but the most important are increase of
consumption of renewable energy resources, which raised prices of the resources,
introduction of modern wastewater treatment technologies and escalation of the issues
related to management to biodegradable organic waste in relation to the greenhouse gas
(further in text GHG) emissions (Piebalgs 2008).

The rate of sequestration of carbon dioxide in biomass can be increase by expanding
forest of cover and by increasing of productivity of the already existing forest.
Establishment of plantations of the fast-growing trees and shrubs met both of these
conditions. Establishment of willow plantations takes place generally in Britain, Sweden,
Ireland and Poland, the interest about these crops is growing in Latvia, Lithuania, Estonia,
Greece and other countries (Forest Service 2005, Ericsson et al. 2006, Komarowski et al.
2005, Wisniewska et al. 2006). British and Danish investors are interested in the
opportunities of establishment of plantations of fast-growing trees in Latvia.

Different species and hybrids of osier (Salicaceae) family willow (Salix) and aspen
(Populus) genus are dominating in energy wood plantations in the Northern Europe.
Decision for those species is determined by fast growing, easy regeneration and tolerance
to different climatic conditions. Especially popular are those species of willow genus,
which can be utilized in different ways (depending from market conditions) and which
have characteristics improving growing environment, including soil (Weih & Nordh 2002,
Evarts-Bunders 2005, Weih 2004, Tuck et al. 2006). Willow breeds used in the
plantations produces significant biomass, sequestrating at the same time atmospheric CO,
and releasing oxygen into atmosphere. Willow plantations avoid overgrowing of
agricultural lands with invaluable shrubs; protect soil against wind and water erosion; due
to intense transpiration reduce residual amount of water in soil thus improving water
regime and soil structure. Therefore willow plantations are used not only to produce
biomass for incineration, but also to utilize and to treat houschold and agricultural
wastewater using bio-filtration technology (Saarsalmi 1995, Hasselgren 2003, Mangalis
2004, Smaliukas & Noreika 2005, McCormick & Kéberger 2007).
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Increasing of welfare rate and improvement of wastewater treatment efficiency secures
production of increasing amount of considerably good quality, environmentally safe
wastewater sludge and the problem of utilization of this material becomes more and more
topical. The wastewater sludge, which contains different plant nutrients, can be utilized to
improve growing conditions before establishment of plantations as well as to increase
growing rate of existing short rotation plantations. Local heating systems, which utilize
different kinds of energy wood, produce alkaline ash, which is reach with potassium and
other elements and can be used in the intensively managed forests, recultivated peat
quarries as well as in agricultural soils as a fertilizer and liming materia (Jones et al. 1994,
Uebel & Heinsdorf 1997, Dilly 1999, Hytonen 1998, Kaposts et al. 2002, Komarowski et
al. 2005, Schreffler & Sharpe 2003, Jacobs et al. 2005, Huotari et al. 2007, Gemste &
Vucans 2007).

Abandoned agricultural lands represents suitable area for establishment of plantations
of annual and perennial energy crops (willows, aspen, grey alder and other fast growing
tree species) (Hytonen 1995, Tahvanainen & Rytkonen 1999, Heinso et al. 2002). In spite
of intensification of agricultural production and broad discussions about risk of shortage of
food supplies due to increase of area used for the energy crops, huge areas of agricultural
lands in Latvia as well as in other East European countries aren't used at all and low quality
forest stands and shrubs comes to those areas instead.

One of the opportunities to utilize of these lands is establishment of short rotation
plantation forests, which brings opportunity to start harvesting when it is the most
profitable with no respect to regulations dictating ordinary forest management, or to return
the land to agricultural production, if it becomes economically beneficial or necessary due
to other factors. Establishment of fast growing and productive energy wood plantations,
using wastewater sludge and wood ash as a fertilizer provide a solution, how to use
abandoned areas rationally at this moment, implementing at the same time requirements of
the United Nations Framework Convention on Climate Change and Kyoto Protocol (to
reduce greenhouse gas emissions in the industrially developed countries by 5,2 % until
2012 in compare to 1990) and not excluding opportunity to change land use in future
(Weih 2004, Hytonen & Wall 2006). Composts produced from wastewater sludge and
wood ash can be used as a surface fertilizer, which simplifies significantly and reduces
costs of spreading of the fertilizers (Aronsson & Perttu 2001, Weih & Nordh 2002,
Hasselgren 2003, Hytonen 2003, Komarowski et al. 2005).

Current conditions in Latvia promote increasing use of energy wood and establishment
as well as utilization of the short rotation plantations (Piebalgs 2008), at the same time
reducing risk of supplies of energy wood and providing favourable options to utilize
wastewater sludge and wood ash (Gemste & Vucans 2007).
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1.2. Aim of the thesis

To elaborate ecologically and economically grounded model for utilization of the
wastewater sludge in the short rotation willow plantations by estimation of productivity of
the plantations in different soils and under different growing conditions, by evaluation of
environmental effects of the sludge applications, by providing of solutions for
environmentally safe utilization of the sludge and by estimation of economical effect of
applications of this fertilizer, according to the requirements of the EC Directives on soil
protection.

1.3. Research objectives

1. To estimate changes of soil properties depending from intensity of the sludge
applications and plantation management technology.

2. To evaluate suitability of different soils, fertilizer applications and planting
material for establishment of the short rotation plantations in Latvian conditions.

3. To check suitability of Swedish willow planting material to the Latvian
conditions.

4. To elaborate a wastewater utilization model.

5. To evaluate possibilities to increase productivity of the short rotation
plantations and to provide economical evaluation of the proposed model.

1.4. Practical significance and scientific novelty

As a result of decrease of agricultural production approximately 1,5 mill. ha of
agricultural lands in Latvia aren't used anymore for food production. Instead they are left
aside for nearly 20 years.

Opportunities of establishment of the willow plantations and plantations of the fast
growing tree species on abandoned agricultural lands in Latvia is evaluated in this
dissertation. Productivity and growing possibilities of different natural willow clones and
commercial willow breeds are tested in this study, developing models for establishment of
the plantations on agricultural lands and disturbed areas. Opportunities to improve
productivity of the plantations are studied using nutrient rich waste materials, like
wastewater sludge as well as composts produced from sludge, peat and wood ash.

Establishment of plantation type stands using different waste materials (wood ash,
wastewater sludge and composted biomass) as fertilizers is new solution for Latvia not
only in relation to utilization of abandoned agricultural lands, but also in relation to
recultivation of degraded areas (gravel and peat quarries), which have to be tested using
economical and environmental criteria before broaden industrial scale implementation.
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1.5. Approbation of research results

The research results have been presented in nine international and two national
conferences.

Seven articles have been published in proceedings of international conferences and
three articles have been published in international scientific journals. One article have been
published in national scientific journal.

1.6. Structure and coverage of thesis

The structure of the dissertation is subordinated to the research objectives. The thesis
consists of three parts.

The first chapter consists of literature review of results obtained by other researchers
during previous years. The firs sub-chapter devoted to evaluation of experience of
establishment of plantations of fast growing tree species in other countries. A second sub-
chapter is devoted to analysis of prospectives of the short rotation plantations in Latvia on
the basis of availability of fertilizers (yearly amount of produced wastewater sludge and
wood ash), regulatory requirements and locally available support schemes. In the end of the
first chapter of the thesis the most important findings and characterization of situation is
added in form of conclusions.

A second chapter contains information about planting material, fertilizers, structure of
experiments, measurement and analytical methodologies as well as statistical methods used
in data evaluation.

A third chapter is devoted for results of the study. The results are explained accordingly
to the research objectives in five sub-chapters. Properties of soil prior to establishment of
plantations is described in the first sub-chapter, but a second sub-chapter contains analysis
of changes of soil properties after fertilization and liming. A productivity of willow
plantations in different growing conditions, as well as environmental effects of the sludge,
wood ash and compost applications are evaluated in a third sub-chapter. A fourth sub-
chapter provides a model for utilization of the wastewater sludge and and a fifth sub-
chapter — to economical evaluation of this model.

This thesis contains 123 pages; information is summarized in 68 tables and 54 figures;
163 literature references are used. At the end of the thesis 5 conclusions and 8
recommendations are formulated.

2. MATERIAL AND METHODS

2.1. Characterization of research objects and planting material
Research objects are located rather close, therefore climatic conditions like temperature,

amount of precipitations and wind speed, are similar in the all objects. The studies were

implemented in experimental plantations located in Rigas district Jaunolaines (Olaine
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nursery and VirSi objects) and Marupes parishes (object Marupe) in different growing
conditions. The plantations were established from 2004 to 2006. Geographically all
experiments are located in Viduslatvijas lowland's Tirelu plain 4...5 km from the Riga city
border in S direction, distance between the objects is 5...8 km (Fig. 2.1.).

All objects are plain, without significant micro-relief forms. Elevation above sea level
is only few meters. The objects differs by chemical and physical properties of soil and
water regime.

Clones of willows originated in Sweden were used in the experiment. Variety Tora
(CPVO Nr. EU0627) bred by crossing Sybirian or so called Schverin willow and
previously produced Common Osier clone Orm (Salix schwerinii x S. Viminalis),
characteristic properties of this clone are limited in number in compare to other clones, but
long shoots, as well as crunchy, easy to crush wood. In compare to other Swedish
commercial clones Tora is the most productive, it doesn't suffer from smut, shoots usually
have less gall midge damages, they also suffer less from hares and roes. Variety Torhild
(CPVO Nr. EU5286) ((Salix schwerinii x S. viminalis) x S. viminalis) is crossing of Tora
and Orm. 1t is equally productive in compare to Tora, but it is more tolerant to smut.
Variety Sven (CPVO Nr. EUS5285) (Salix viminalis x (S. schwerinii. x S. viminalis)) bred
by crossing previously produced commercial varieties Jorunn and Bjorn. Variety Gudrun
(Salix dasyclados) characterizes with high frost tolerance and very good development of
roots after planting, but this variety suffers more from hares and roes. Additionally, from
the previous studies implemented by LSFRI Silava with local natural willow species, the
most productive specie with comparable smaller number of main shoot, Salix burjatica,
was selected for this study.

Productivity of different clones, using wastewater sludge as a fertilizer, and changes in
soil properties were evaluated in Olaine nursery (further in text, object Olaine). Soil texture
in Olaine corresponds to loam, it is cultivated for several decades.

In the experiment, established at the end of Mach, 2004 suitability of three the most
prospective willow varieties in Swedish conditions (7ora, Torhild and Sven) were
evaluated according to Latvian conditions, using wastewater sludge as a fertilizer. Total
number of planted cuttings is 14 040, including variety Tora — 4 800 cuttings, Sven —
4 320 and variety Torhild — 3 840 cuttings. A common two rows planting scheme with 50
cm distance between cuttings in row and 70 and 150 cm distance between rows is used in
the experiment. 10 tq, ha™ of wastewater sludge were applied in space between rows one
year after planting, in March, 2005. In the beginning of April, 2006 additionally planted
16 759 cuttings, including S. burjatica — 1 600 cuttings, Tora — 5 500 cuttings, Torhild —
4 600 cuttings, Sven —4 600 cuttings, Smithensis — 430 and Gudrun — 29 cuttings. Aim of
the experiment — to compare Swedish commercial varieties (Tora, Torhild, Sven, Gudrun,
Smithensis) and local Salix burjatica. This area is fertilized in May, 2007, dosage of
wastewater sludge — 10 tq, ha™, application in space between rows.
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Effect of different fertilizers on physical and chemical properties of mineral and peat
soils, as well as to productivity of plantations were studied in the research objects Marupe
and Virsi.

Variety Sven was planted in Marupe in April, 2005. Soil texture class — sandy loam.
Prior to establishment of experiment 10 tq, ha' of wastewater sludge were spread and
ploughed into soil, except control area, where only ploughing took place. 2 400 cuttings of
variety Sven were planted.

Experimental plantation Virsi was established on abandoned peat quarry with thick
residual peat layer. The area was divided by contour ditches into narrow rectangles.
Willows were planted 10 m from the ditches to reduce effect their on plantations. Only
variety Sven was used in Virsi. Two types of fertilizers were apllied — sludge 10 t4y ha™
and 3.5 t ha' mineral fertilizer NPK (10-10-20). Willows were planted in the two row
scheme, 2 080 cuttings of Sven were planted in total.

Vegetation experiment in partially controlled conditions were established to model
effect of different doses of wastewater sludge compost and wood ash on chemical
properties of peat, including leaching of heavy metals and intensity of root development
under maximal load of compost and wood ash. Peat from Vir$i was used to prepare
mixtures of compost, wood ash and peat. The experiment was started in May, 2006. Seven
different by proportion of the ash and compost substrates were prepared for the experiment.
Pure peat was used as a control. Admixture of compost in different variants corresponded
to 170 tyyha (1:4) and 340 tgyha' (1:1). Maximal dose can be used according to
regulations in recultivation of degraded area to re-establish fertile soil layer. Admixture of
wood ash corresponded to 10 t ha' and 20 t ha'. 15..20 cm long cuttings planted in
25 cm deep vegetation pots with 3 1 volume of subtrate were used in the experiment. Four
cuttings were planted into each pot. 672 cuttings were planted into 168 planting pots in
total.

2.2. Variants of fertilizer applications and management the

plantations

Experimental plantations established in 2004 and 2006 in Olaine initially weren't
fertilized. Only loosening of space between rows and manual weeding control were done
during the first growing season. At the end of vegetation season, accordingly, November,
2004 and 2006, all plantations were cut down to secure development of stronger root
system and to simplify spreading of fertilizer during next season. Fertilizer (10 t4y ha™ of
sludge) applied during next spring after melting of snow cover. The fertilizer was spread
using horizontal manure spreader ROU-6 (capacity 6 t). After spreading fertilizer was
ploughed into space between rows by cultivation.

Before establishment of plantation in Marupe, area of the experimental plantation was
ploughed completely to remove vegetation. After ploughing wastewater sludge were
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applied (dose 10 t4, ha™), after spreading of sludge area was cultivated to plough fertilizer
into soil.

In Virsi deep peat layer complicated use of heavy agricultural machinery. Soil analyses
showed that pHkq of peat is 2.5...3. To evaluate effect of different fertilizers on soil the
experimental area was divided into parts. In one part wastewater sludge were used, in other
— equal amount (by phosphorus) of physiologically alkaline mineral fertilizer containing
significant amount of phosphorus and potassium. During a beginning of vegetation season
(2005) spreading and ploughing of fertilizers weren't possible, therefore the decision was to
use fertilizers later on surface of soil without ploughing.

May, 2005 was rich with rain and as soon as soil was dry enough to use machinery on a
peatland wastewater sludge was spread over already planted cuttings using horizontal
manure spreader. The spreading took place in July, 2005, using maximal permissible dose
of sludge (10 t4y, ha™).Mineral fertilizer was applied simultaneously with spreading of
sludge. Mechanized spreading wasn't possible due to destroyed road infrastructure,
therefore if was done manually in space between rows.

Types of fertilizers used in different experiments, doses and time of application as well
as codes of further in figures used abbreviations of experiments is shown in Table 2.1.

In Olaine application of fertilizer promoted growth of willows and development of
ground vegetation, willow shoots grew long and healthy and could compete with weeds,
therefore no additional weed control was necessary during second year. The highest weeds
were cut down manually only in side rows.

In peat soil (Virsi) during the first vegetation season after planting and spreading of
fertilizers, rapid development of ground vegetation took place. But weed control was
necessary only during second vegetation period, and it was done manually by pulling out
the highest weeds.

In Marupe in mineral soil weeds started to growth directly after raining period in June,
2006. Manual weed control was done as soon as it was possible after raining period, 40 cm
wide track around rows of willows were cleaned from weeds.

2.3. Methodology of estimation of woody biomass

To estimate effect of fertilizers at the end of vegetation seasons of 2005, 2006 and 2007
all plantations were measured accordingly to regulations of Cabinet of Ministers No. 90
(2001.02.27) Procedure of evaluation of forest stands”. Measured and accounted
parameters:

snumber of survived cuttings;

*height of shoots;

«diameter of shoots at the ground level.

After validation of results, percentage of survival, average number of shoots in a
coppice, actual density of planting, average height, average diameter at the ground level,
volume of single shoot, stock and increment biomass were calculated.
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Volume of shoots estimated in cm® using equation of volume of truncated cone:
V=§*n*H*[R%+R1*R2+R§),~ M
where:

R, — top radius, cm;

R, - radius of shoots at the ground level, cm;

H — height of shoot, cm.

During measurement of two and three years old shoots in plantation established in 2004
diameter of all varieties used in the experiment was measured at the ground level and at
breast height (1.3 m) in 25 m* random sample plots. Volume of shoots in 2007 were
calculated using the equation of truncated cone (1) and accordingly to diameter at the
breast height (2), later all values were summarized to obtain total volume (m? ha™).

1 H’#D’—2%H*D *B*C+B’*C* | HxD*C—BxC* , C’
V=_m*H 5 5 : o
3 4%(H =2 xH*B+B’) 4x(H-B) 4

@
where:

D — diameter at the breast height, cm;

C — top diameter, cm;

B —the breast height (1.3 m);

H — height of shoots, m.

Biomass of willow shoots calculated, using coefficients from the volume equations (1)
and (2).

Naturally wet biomass of 30 shoots with and without leaves estimated on the field. In
laboratory these shoots and leaves were dried out until unchanging mass at 105 °C
temperature. These data were used to estimate dry biomass of leaves and shoots and to
claborate regression equations.

Height of willow shoots in the vegetation pots was measured once per two weeks.
Within the scope of the study monitoring of development of root system was done by
weighting of roots and shoots of 12 willow cuttings every 2 weeks. Substrate were
removed from roots by washing, later roots were cut down from cutting. Roots and shoots
were dried at 105 °C until unchanging mass. Dry biomass were weighted using analytical
scales. At the end of vegetation season above and underground biomass of all residual
willow cuttings were measured.

2.4. Methods of chemical analyses

Soil samples were collected by destructive method using soil auger from 0...20, 20...40,
40...60 and 60..80 cm depth at the beginning and the end of all vegetation seasons
accordingly to requirements of LVS ISO 11464:2005 standard. In the first year after
establishment of plantations and application of fertilizers samples were collected from
topsoil (0..20 cm), but in second year after fertilization samples from deeper horizons
(20...40; 40...60 and 60...80 cm) were taken and analysed as well.
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Five average willow shoots from from several coppices from all varieties were taken
for chemical analyses of biomass. Then these shoots were split into 5...10 cm long cuttings,
dried out and crushed into powder using analytical mills. Chemical properties of biomass
(N, P, K and concentration of heavy metals) were estimated in samples collected in
Marupe in 2006. A net heat value, total C, S and ash content were estimated additionally in
samples collected in Olaine and Marupe at the end of vegetation period in October, 2007

Results of analyses were recalculated to dry biomass. Analyses of wood and soil were
done in LSFRI Silava.

Reaction (pHka and pHeacr) estimated accordingly requirements of LVS ISO 10390
standard. Total carbon estimated accordingly to requirements of LVS ISO 10694 standard.
Total sulphur estimated using elemental analyser CS-500 Carbon/Sulfur Determinator and
following to recommendations provided by producer of the equipment. Total nitrogen
estimated using modified Kjeldahl method using oxide of titan instead of selenium
accordingly to requirements of LVS ISO 11261 standard.

Exchangeable ammonia estimated with colorimeter using Nesler reactive in 0.1 n NaCl
extraction. Exchangeable phosphorus estimated with colorimeter using ammonia
molybdenite reactive in presence of reduction agent (0.1% SnCl, solution) in 0.2 n HCI
extraction. Exchangeable potassium estimated using flame photometer Perkin Elmer
AAnalyst 200 in 1 n sodium acetate extraction (Pavule 1978 ).

Exchangeable calcium and magnesium estimated complexometrically in 1 n sodium
chloride extraction using titration method in presence of indicators chromogenblack and
murexide (Pavule 1978 ).

Heavy metals (Cd, Cr, Cu, Ni, Pb and Zn) extracted from plant material and soil
accordingly to requirements of LVS ISO 11466 standard and chemical analyses —
accordingly to requirements of LVS ISO 11047 standard.

2.5. Methods of statistical evaluation

Statistical evaluation and graphical rendering of obtained data realized using SPSS,
Microsoft Exell, OpenOffice.org Calc and Gretl software tools. The highest, the smallest
and average values, as well as standard error and measures of variation estimated using
methods of describing statistics Relation between different data compared using T- test,
variance and correlation analysis (Liepa 1974, Arhipova & Balina 2003).

3. RESULTS
3.1. Utilization of wastewater sludge in the plantations
3.1.1.  Soil properties before and after fertilization

Prior to application of fertilizers resources of macro-nutrients in soil of the plantation in
Olaine were insufficient for rapid growth of plants and formation of significant biomass.
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As a result of long agricultural history of land and heavy applications of mineral fertilizers
during the agricultural period concentration of nutrients was dis-balanced, the soil was too
poor for fast growing plants and production of significant biomass. In Marupe nutrients in
soil were well-balanced, but resources of macro-nutrients were insufficient for the fast
growing willows. There were lot of grasses, generally small-reed. In peat soil in Virsi the
most significant soil properties related problem was acidic reaction and insufficient
resources of potassium and phosphorus (Table 3.1).

Insufficient resources of potassium and phosphorus before fertilization found in all
experimental plantations. Wastewater sludge contain organic material, nitrogen,
phosphorus and some amount of potassium, which are necessary for rapid growth of
energy crops. In average wastewater sludge produced in biological wastewater treatment
plant contains 51g kg N, 17 g kg™ P and 65% of dry mass consists of organic substances.
Wood ash can be used as a source of mineral nutrients, because they contains significant
amount of potassium (~30 g kg™), calcium (125 g kg') and magnesium (20 g kg™') as well
as phosphorus (10 g kg). The simplest way how to apply nutrients to soil is to use mineral
fertilizers, because it is possible to calculate exact doses of certain nutrients according to
soil properties. But only mineral nutrients can be applied in that way, whereas using of
organic fertilizers enrich soil with biologically active organics, which have also significant
role in regulation of water regime. Utilization of wastewater sludge and wood ash as a
fertilizer for different crops secures that nutrients locked in these materials are returned to
biological circulation.

Properties of soil estimated down to 80 cm depth not only to calculate resources of
nutrients, but also to evaluate biological consumption and leaching into deeper soil layers
of different elements.

Resources of the main nutrients change significantly during the first growing season
after fertilization. Significant fluctuations of concentration of the chemical elements found
in the upper soil layer (p<0.05).

Comparison of concentration of exchangeable nitrogen in topsoil and deeper soil layers
one year after fertilization demonstrated, that concentration of exchangeable nitrogen
increased significantly in topsoil (p=0<0.05), however dynamics of concentration of the
nitrogen in different objects is not equal. In experiments established on mineral soil in
Olaine in autumn, 2006 and 2007, and in spring of the same years concentration of
exchangeable nitrogen in topsoil (0..20 c¢cm) in fertilized area significantly differs from
control area (p=0<0.05) (Figure 3.1).

Higher concentration of nitrogen found in peat soil. After application of sludge on
surface of peatland concentration of exchangeable nitrogen significantly increased (p<0.05)
(Figure 3.2). Concentration of nitrogen significantly differs in fertilized and control areas
only in topsoil (0...20 cm), but in deeper layers (20...80 cm) no significant differences
found in fertilized and control plots. Leaching of nitrogen into deeper soil layers is
insignificant. Comparison of nitrogen concentration in different soil layers demonstrated,
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that significant differences in provision of this element can be found until beginning of the
second vegetation season, but in third vegetation season all reserves are utilized and
concentration of nitrogen doesn't differ in 0...80 cm layer in fertilized and control plots, if
mineral fertilizer is used (Figure 3.2). Two years after fertilization concentration of
exchangeable nutrients in peat soils differs significantly between control and fertilized area
and between both fertilized areas (p<0.05), differences found not only in topsoil layer, but
also down to 80 cm depth. During the third year after fertilization concentration of
exchangeable nitrogen in 20...40 cm deep soil layer is smaller in area treated with mineral
fertilizers, which demonstrates more rapid utilization of nutrients applied with mineral
fertilizers. But three years after fertilization there are no significant difference in
concentration of exchangeable nitrogen in the areas fertilized with sludge and mineral
fertilizers (p>0.05).

Concentration of exchangeable nitrogen in fertilized area of mineral soils is smaller
under topsoil (20...80 cm soil layer) in fertilized area. It can be explained by more active
biological utilization of these resources in fertilized area, whereas development of
vegetation in control areas is much slower and nitrogen resources aren't utilized.

In all experiments concentration of exchangeable phosphor in topsoil after fertilization
is significantly higher in compare to control plots (p<0.05) (Figure 3.3.and 3.4).

Difference in concentration of exchangeable phosphor between fertilized and control
plots reduces during second year after fertilization. In 2007 concentration of exchangeable
phosphor is still significantly higher in fertilized plots.

In the area where sludge fertilizer were applied on peat surface (Virsi) concentration of
phosphor in topsoil is higher in compare to control fields. Concentration of exchangeable
phosphor is different in the fields where sludge and mineral fertilizers were applied.
Significant difference between control and fertilized areas in concentration of exchangeable
phosphor (p<0.05) found down to 40 cm depth. In deeper layers this difference isn't
significant. Concentration of exchangeable phosphor is higher in fields fertilized with
sludge. In areas treated with mineral fertilizer concentration of exchangeable phosphor in
the end of third vegetation period is higher in topsoil and in 40-60 cm depth (Figure 3.4).

In spite of relatively small concentration of potassium in wastewater sludge, amount of
exchangeable forms of this element in topsoil of fertilized mineral soils is significantly
higher in compare to control areas (p<0.05).

In peat soil in VirSi concentration of exchangeable potassium at the end of the first
vegetation season is significantly higher in topsoil in areas treated with mineral fertilizer in
compare to other variants (Figure 3.5). In peatland areas where sludge is used as a fertilizer
in second vegetation period concentration of potassium is higher in all soil layers in
compare to control, but the difference isn't so high as in plots, where mineral fertilizer was
used. In second year after application of fertilizers concentration of exchangeable
potassium in areas treated with mineral fertilizer is significantly higher (p<0.05) than in
other areas (Figure 3.5).
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In third year after fertilization, too, concentration of exchangeable potassium is
significantly higher in peatland areas treated with mineral fertilizer in compare other areas.

In areas fertilized with sludge in deeper soil layers (40..80 cm) concentration of
exchangeable potassium is higher, than in topsoil. Reduction of the concentration in topsoil
can be explained by leaching of potassium into deeper soil layers, as well as by
accumulation in biomass of plants.

Thus, nutritional effect of wastewater sludge (increased concentration of nitrogen and
phosphor) persists at least 3...4 years, but concentration of exchangeable potassium returns
to the control level after one year, which is associated with relatively small concentration of
potassium in wastewater sludge.

It is estimated within the scope of this study, that difference in concentration of
exchangeable nitrogen, phosphor and potassium are less significant in control areas in
compare to fertilized areas. During third year after fertilization the difference decreases,
which is associated with utilization of easily soluble nutrients into plant biomass and not so
much — with leaching of those elements into deeper soil layers.

Signs of leaching into deeper soil layers found only in case with phosphor, which can
be explained with significant concentration of exchangeable phosphor in wastewater
sludge. A source of phosphor in the sludge is different detergents. But concentration of
exchangeable phosphor in different soil layers in areas where mineral fertilizers were
applied is different only in spring of second and third vegetation period. Concentration of
exchangeable potassium is different in fertilized and control areas only down to 60 cm deep
soil layer. In Table 3.2 those p values are marked with red colour, where they are higher in
fertilized areas.

Acidity of topsoil in peatland doesn't differs significantly after application of dolomite
in compare to areas where only sludge or mineral fertilizer is used (p<0.05). No significant
difference found between acidity of soil in control area and areas treated with mineral
fertilizer, except small difference found in topsoil during the first year after application of
fertilizer. In later years this effect disappears (Table 3.3).

Experiments with dolomite applications demonstrates, that even considerably high
doses of this liming material if used on surface aren't sufficient to secure proper growing
conditions for willows (pH 5.5...6.5) in abandoned peatlands.

Wastewater sludge characterizes with neutralising effect, which wasn't detected for
mineral fertilizer. This neutralizing effect of sludge is described in studies of other authors
as well (Kaposts & Karins 1998, Kaposts et al. 2002, Hasselgren 2003, Dimitriou &
Aronsson 2005, Komarowski et al. 2005, Vucans et al. 2005).

In Finland and other countries wood ash are tested a good source of potassium and
liming material (Hytonen 2003, Leupold 2006, Shen et al. 2008). In the vegetation
experiment implemented within the scope of this study mix of wastewater sludge compost,
wood ash and peat secured necessary liming effect. The most significant alkalising of pH
found, if wood ash added to substrate, where proportion of peat and compost by volume
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is 4:1. A dose corresponding to10 t ha™ of wood ash alkalise substrate by 2.4 units, but
dose of wood ash corresponding to 20 t ha™ alkalise substrate by 2.8 units. Adding of wood
ash to peat and compost mix with proportion by volume 1:1 in it's turn reduced acidity by
1.4 units and 1.9 units. Optimal pH can be reached, using wood ash dose corresponding to
10 t ha (substrate's pHkc at the end of experiment was 6.5...7.0). Measurement of pH
every second week demonstrated, that fluctuations of pH during the vegetation period
aren't significant, except variants, where maximal dose of wood ash was applied
(p=0.99>0.05). pHxc of different substrates differs significantly at the end of vegetation
period.

Correlation analysis of concentration of nutrients in substrates with above and
underground biomass demonstrated significant relations between certain parameters.
Concentration of exchangeable phosphor in substrate correlates with all biological
parameters (r=0.63...0.81), proportion of compost correlates with height of shoots and
concentration of exchangeable phosphor (r=0.76) as well as with pHka (r=0.72). Dose of
wood ash closely correlates only with pHyc of substrate (r=0.79). Rate of growth of shoots
positevely correlates with concentration of exchangeable nitrogen in substrate.

3.1.2.  Pollution of soil and biomass in the plantations

Wastewater sludge and wood ash, which were used in the experiments contains not
only nutrients, but also exceeding amount of heavy metals, which are not used in biological
processes.

Concentration of heavy metals in willow shoots found in this study corresponds to
findings of other authors (Mathé-Gaspar et al. 2005, Adlera et al. 2005, Wishniewska et
all. 2006) and relatively small. Although willows characterizes with ability to bind
cadmium from soil, analyses that were done within the scope of this study didn't show
significant increase of concentration of cadmium in willow wood, which were obtained
from the fertilized plots.

When wastewater sludge are used as a fertilizer, doses of heavy metals applied to soil
with the fertilizer can't overreach limit values marked in regulations of Cabinet of Ministers
(No. 804 from 25.10.2005. and No. 362 from 02.05.2006.). These limit values were taken in
account also in the field experiments implemented in this study. Concentration of heavy
metals in topsoil (0...20 cm soil layer) in fertilized fields is smaller than so called caution
limit in mineral soils. In 2005 and 2006 no significant changes were found in concentration
of heavy metals in soil. Concentration of sulphur, element, which moves in soil together
with heavy metals, doesn't increases in deeper layers of mineral and peat soils. This points
to to the fact that no leaching of heavy metals into deeper soil layers took place during the
experiment. Considerable increase of concentration of heavy metals found in peat soils, but
this phenomenon is associated with mineralization of organic material in increase of
mineral fraction in upper peat layer. Mineralization of organic material found generally in
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upper peat layer, which demonstrates that fertilizers favoured biological decomposition of
organic material and, consequently, increase of concentration of heavy metals.

In the vegetation experiment amount of heavy metals applied by compost and wood
ash summarizes. At the end of experiment concentration of heavy metals in substates with
compost and wood ash admixtures decreases a bit or stays in the initial stage, except
substrate with maximal doses of wood ash and compost, where concentration of all heavy
metals increases by 7...24 %. This phenomenon, like in field experiments on peat soil, is
associated with decomposition of organic material and increase of mineral fraction as a
result. One of factors, which affected fluctuations of concentration of heavy metals in
substrate, is decomposition of organic substances. Amount of organics in different variants
decreased by 4...40 %, in compare to initial values (Figure 3.6).

Due the same reason concentration of heavy metals inceased up to three times in
control variant, too.

3.2. Estimation of productivity of different willow varieties
3.2.1.  Productivity of plantations in different soils

Variety Sven was used in all experimental plantations established in 2005 to compare
effect of soil texture and origin on growth of willows, because this variety demonstrated the
best growth potential during the first year after planting in 2004 (Table 3.4).

No significant differences found between growing of willows on mineral soils
(p=0.95>0.05), but difference between growing of willows on mineral and peat soil is
significant (p<0.05). Comparison of morphological parameters of willow shoots of the
same age at the end of 2006 and 2007 demonstrated, that peatlands with deep peat layer
aren't suitable for establishment of willow plantations (Table 3.4).

3.2.2.  Effect of sludge applications on productivity of willows

During the first growing season willow shoots grew faster and produced thicker and
more in number shoots on mineral soils in Marupe in compare to control areas due to effect
of wastewater sludge, but difference is not statistically significant (p>0.05) (Table 3.5).

Significant difference (p<0.05) between diameter of shoots in fertilized and control on
mineral soils in Marupe area found only in second season, but difference in height is still
statistically insignificant (p=0.41>0.05). Significant differences between height and
diameter of fertilized and non-fertilized willow shoots found only in third vegetation period
in 2007 (Table 3.5).

Field experiments demonstrated that in peat soils surface spreading of wastewater
sludge doesn't have positive effect on survival and development of willow shoots. The
most common reason for extinction of willows on peat soils is drying of willow cuttings
due to lifting of cuttings during winter and acidic pH.
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Experimental plantation, which was established in 2005 and then replanted in 2006 on
peat soil, grew poorly and difference between biomass in fertilized and control plots is
insignificant (p>0.05). Therefore vegetation experiment was used to model situation, when
fertilizer is mixed with parent soil material. This experiment demonstrated, that good
survival and growing rate can be obtained in all substrates, except control.

Willow shoots are poorly developed in experimental plantation established on peat soil,
significantly smaller than on mineral soils (p<0.05) (Table 3.6).

In experimental plantations Marupe and Olaine difference between height and diameter
of willow shoots found statistically significant in 2006 only in case of two years old shoots
(p<0.05). But in 2007 statistically significant differences weren't observed (p=0.43>0.05)
(Table 3.6). Obtained results demonstrates, that wastewater sludge can be used to enrich
sandy mineral soils with organics, nitrogen, phosphor and other nutrients during
establishment of fast growing willow plantations and simultaneously returning nutrients
locked in wastewater sludge into biological cycle.

3.2.3.  Factors affecting productivity of willow plantations

Inheritance has at least the same significance in determination of productivity as soil
properties and provision with nutrients. This is the reason why breeders are working on
development of new even more productive varieties of fast growing willows. Two
experiments with aim to compare potential of several varieties were implemented within
the scope of this study — the first in 2004 and second — in 2006.

Variety Sven demonstrated better rooting capabilities and grew faster during the first
year. During the first and second year morphological properties of shoots of different
willow clones significantly differs (p<0.05) (Figure 3.5). Comparison of morphological
properties of one year old shoots in the first year after planting, for instance, in 2006, and in
second year after planting (and the first coppicing in winter) demonstrates, that in second
year willows grow better and the highest increment in growth rate reached variety Torhild.

Comparably better growing results of variety Sven during the first season created
wrong impression about productivity of this clone, because in further years in older
plantations this variety fall behind other varieties and in 2nd to 3rd year above ground
biomass of Sven on sandy acidic soils was twice less then of Tora and Torhild.

With aim to evaluate productivity of different willow clones, growing stock of one, two
and three years old shoots, as well as regrowth and productivity of willows in one, two and
three years rotation cycle were estimated in the plantation established in Olaine in 2004. It
is found in the study, that the most intense regrowth of willows takes place during second
year after harvesting, but during third year continues maturing of willow shoots and
growing becomes slower (Figure 3.8).

Two and three years old shoots of variety Sven are considerably smaller and differs
significantly from (p<0.05) shoots of Tora and Tornhild. In experimental plantations
established in Latvian conditions biomass of one year old plantations is 4...5 tay, but in two
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years old plantations — 12...30 t4y ha™, consequently yearly increment is 6...15 tqyha™,
which is rather good value. In Olaine experimental plantation, in light loamy soil which
was enriched by wastewater sludge the best growing potential in three years old plantation
demonstrated variety Tora. Number of shoots decreased during the third year, because
poorly developed shoots were overshaded and die.

Naturally wet biomass of three years old shoots of varieties Sven, Tora and Torhild
with and without leaves, as well as biomass of leaves were estimated in August, 2007. No
significant differences found in biomass of single shoots, leaves or moisture of biomass
(p<0.05). Variety Torhild is outstanding in compare to other varieties due to high diameter
at breast height (p=0.006<0.05) and at the ground level (p=0.003<0.05), as well as because
of heavier shoots (p=0.001<0.05). difference between shoots height was significant
(p=0.007<0.05) (Table 3.7).

Significant correlation found between diameter at breast height and biomass. It can be
used in measurement and estimation of biomass of two and three years old shoots (Figure
3.9). Power function using results of measurements of randomly selected shoots as input
data can be used to estimate biomass of willow plantations.

3.3. Crop management, harvesting technologies and economical
evaluation of the model of utilization of wastewater sludge

3.3.1.  Establishment and management of plantations

The key factor securing successful establishment of willow plantations, using cuttings,
is weed control during the first year of growing. The most efficient approach to secure
good results is deep ploughing one year before planting and keeping the area in “black ley”
for at least one summer. In spring before planting plantation should be treated with
herbicides, which eliminates bluegrass, other grasses and dicotyledons. In Olaine object a
land were kept for one summer in “black ley”” and fertilized with wastewater sludge only in
second year after planting. Weed control were done using ordinary garden cultivator.
Survival in this object was 89...95%. In second year, after fertilization willows grew so
rapid, that one treatment with cultivator was sufficient. No need for weed control was
found in further years in this object.

In Marupe survival is 75 % in control area and 71 % — in fertilized area. The most
common reason for loss of cuttings is drying out during the first growing season in control
field, and weeds — in fertilized area.

In Virsi, in area where wastewater sludge and dolomite were applied, peat become less
acidic, but in spite of that the most of willow cutting die soon after appearing of the first
shoots and roots. In areas, where liming material were applied 71% survived during the
first year, but at the end of second year only 15% of live cuttings were found.
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In area, where mineral fertilizer and liming material were applied, during the first year
survived 39% of cuttings, but at the end of 2007 half of them disappeared. Surveyors were
thin and short, in spite of fertilization. During the second year after application of fertilizers,
rapid development of ground vegetation and natural afforestation with birch, aspen and
pine from seeds started in fertilized areas. Trees and grasses competed with willows and
suppressed growth of the residual plants.

Results obtained in this study approves, that wastewater sludge can be used to enrich
poor mineral soils with organics, nitrogen, phosphor and other nutrients securing returning
of the nutrients back to biological cycle during establishment of short rotation willow
plantations

Willow plantations requires significant investments and accurate after-care during the
first years, but they can produce the first income starting from 3rd to 5th year after
establishment.

3.3.2.  Costs of establishment and management of plantations

Calculations of costs of establishment of willow plantations are done in accordance to
average costs of contracting of agricultural machinery in 2007 and with assumption, that all
necessary machinery will be rented and a salary of filed workers will be at average level in
Riga region at the end of 2007. Calculation of costs of preparatory actions and direct costs
of establishment of willow plantations have provided in Table 3.8.

Depending from technical characteristics of available machinery and coverage of
natural vegetation, costs of establishment of 1 ha of willow plantation varies between 698
and 1152 LVL. In areas with well developed natural grass vegetation establisher of willow
plantation should consider additional approximately 60 LVL ha”, otherwise establishment
and growth of plantation can be seriously endangered due to fast growth of weeds and
savings on soil preparation will not prove ourself and already spent funds (529...762 LVL
for establishment and 134...233 LVL for soil preparation and chemical analyses, in total
approximately 1000 LVL ha™") will be lost.

3.3.3.  Harvesting costs

Within the scope of this study manual harvesting of willows in the experimental objects
were done in plantations established in 2004, 2005 and 2006, but mechanized harvesting
using combined harvester — in plantation established in 2004. Ordinary bush saws were
used to cut down willows and manual work — to collect them into piles. Then these piles
were forwarded to a temporary storage for drying. After drying willows were crushed
using mobile chipper with manual loading. In large plantations this work should be done
with specialized harvesters, which are able to cut and to crush biomass in one cycle.
Comparison of wood chips produced by the mobile chipper and the harvester
demonstrated, that harvester produces significant amount of small fractions. Heat content in
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willow chips produced in Olaine is 18.89...18.93 MJ/kg. Total costs of manual harvesting,
piling, forwarding ( X 300 m), crushing using mobile chipper and road transport
( X 50 km) per 1 loose m® are 4.68 LVL (Table 3.9).

Average time consumption for manual harvesting in plantations of harvestable age
(2.3 years) is 15...18 minutes per 1 loose m®. Average time consumption for harvesting
and piling is 22...28 minutes per 1 loose m®. In calculation to 1 ha these values corresponds
to 68 working hours. Productivity of CLAAS Jaguar 680 harvester with HS-2 header in
similar conditions is 2..3 hours ha™.

Close correlation found between growing stock, time consumption to cut down 1 shoot
(r=0.81) and time consumption for manual harvesting of 1 ha (r=0.79). This means that
time consumption of manual harvesting depends generally from growing stock and
average mass of shoots. Significant correlation found between average mass of shoots and
time consumption to pick up and pile one shoot (r=0.72). This means, that time
consumption for manual piling of bigger shoots is higher.

In compare to results obtained in pre-commercial forest thinning (Lazdins et al. 2007)
time consumption for manual harvesting and piling in willow plantations is 2.5 times
smaller in willow plantations. In optimal conditions fuel consumption for manual
harvesting is 0.17 I loose m>. For example, fuel consumption in the pre-commercial
thinning was ir 0.3 1 1 loose m>.

Ordinary agricultural machinery is used to establish and to manage willow plantations,
moreover field works in willow plantations only partially overlaps with normal use of
agricultural machinery during the calendar year, making use of machines more efficient.

3.3.4.  Potential sources of income

Willow plantations produce solid biofuel (wood chips), which can be later used as a
raw material for pellets, briquettes and charcoal. However wood chips can be used also as a
much in greening works. Willow shoots can be used also to strengthen seashore dunes and
to establish decorative fences.

In second autumn after planting planting material corresponding to 10...15 th.LVL can
be produced from 1 ha. If willow plantations are used for bioenergy production, average
yearly increment of biomass in ordinary production conditions is 8...10 tay (20...25 m?).
Thus, 28...30 tgy (70..75 m*) of wood chips can be produced in average within one
rotation. In optimal conditions production of wood chips can be up to 150 m* per rotation.

If recalculate average increment to the state level under assumption, that all accounted
wastewater sludge is used as fertilizer in willow plantations and maximal dose of the
fertilizer is applied, gross income from willow plantations would be 1 728 111 LVL. If
wastewater sludge are used in willow plantations, dose of 10 t4 ha” can be applied once
per 5 years (corresponding to max. permissible 2 tq, ha” yearly). According to the latest
data about production of wastewater sludge approximately 14 589 ha of willow plantations
could be established using this fertilizer. These plantations every year would produce in
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average 10 tqy ha™ of biomass, including technological losses. When harvested, these areas
would provide 138 596 t4y, of wood chips yearly, which in calculation to price of wood
chips (35 LVL t4,") would come to 4 850 843 LVL. Utilization of this biofuel would
provide 554 384 MWh of heat energy. About 3.5 ha of willow plantations are necessary to
supply heat energy necessary for average private house with 150 m*area to heat up.

4. CONCLUSIONS AND RECOMMENDATIONS

Conclusions:
1.Factors limiting establishment of willow plantations are insufficient knowledge
and lack of experience in:

+ environmental effect of wastewater sludge applications;

+  suitable species for Latvian conditions;

+ technologies of establishment and management of plantations.

2.Effects of wastewater sludge applications:

+ additional organic material as well as significant amount of nutrients
(N, P, Ca and Mg) is applied to mineral soils improving fertility and
water regime;

« reserves of phosphorus significantly increases in peat soil, providing
favourable conditions for natural afforestation and development of
ground vegetation on peat soil;

« fertilizer applications improves productivity and, consequently,
feasibility of plantations;

+ fertilizers don't degrade environmental conditions (concentration of
heavy metals in soil changes insignificantly, no leaching of nutrients
into deeper soil layers detected).

3.Wastewater sludge has comparably small liming effect. Fertilizing effect of
sludge can be increased by admixture of wood ash and dolomite. These materials
reduces acidity of soil and provides additional nutrients. Use dolomite as a
liming material, dose 10 t ha, secures change of pH by 0.6...1.2 units in peat
soil. Significant changes of pH found only in few centimetres deep upper layer of
soil. Application of equal dose of wood ash provides faster effect of
neutralization.

4.Following productivity measures are estimated — varieties Tora and Torhild,
which are recognized within the scope of this study as the most promising in
Latvian conditions, in 3 years rotation cycle produces 28...31 tgy.

5.Plantation establishment and management model is elaborated and economically
evaluated to implement in practise findings of this study.
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Recommendations:

1.Decision making process of establishment of willow plantation involves: risk
analysis, including evaluation of soil properties, decision about fertilizers to use,
type of application and calculation of fertilizer dose, finding of the most suitable
planting material and agreements about transportation, spreading of fertilizers
and selling of wood chips.

2.Recommended doses of wastewater sludge:

+  in mineral soils recommended dose is 10 t4y ha™ once per 5 years,
with mandatory ploughing into soil;
* in peat soils wastewater sludge compost containing wood ash
should be used instead as a surface fertilizer, dose — 20 t4, ha™.

3.Prior to establishment of willow plantation fallow land should be left at least one
year in so called “black ley”. Fertilizer should be spread and ploughed into space
between rows in the second year after planting. Fertilization should be repeated
after every rotation (2...4 years) in next summer after harvesting.

4.Willows aren't suitable for growing on acidic peat soils with deep residual peat
layer.

5.The key element of success of establishment of willow plantations is soil
preparation. Total costs of establishment of willow plantations, depending from
local conditions, are 698...1 152 LVL.

6.The most productive varieties, Tora and Torhild, can be used in commercial
scale in Latvia. Recommended rotation cycle in well managed plantations is 3 to
2 years. Important is not only fertilizer, but also effect of variety, for example, in
the study 3 years old non-fertilized and 2 years old fertilized plantations of Sven
have nearly the same growing stock 9...11 t4, ha™.

7.Small plantations can be harvested manually. Costs of manual harvesting are
4.68 LVL per loose m®. Productivity of manual harvesting in plantations where
commercial varieties are used is much higher, than in cases, where natural
willows are used. If it's planned to establish plantations in commercial scale,
mechanized harvesting should be used instead. Specialized harvesting and
cuminution machinery for bioenergy production mounted on agricultural or
forestry tractors or combines can be utilized in willow plantations.

8.The first income from willow plantations can be obtained in second year after
planting from selling of planting material for establishment of new plantations or
greening purposes (about 0.08 LVL per shoot). Starting from third year after
planting, about 150 loose m* ha” of wood chips can be produced in a rotation
cycle, which corresponds to 900 LVL according to a forest biofuel prices in 2007.
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