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1. Darba visparigs raksturojums
1.1. Témas aktualitate

Ekosistémas ka noteiktas augu, dzivnieku un mikroorganismu kompleksa ilgtsp€jiba
galvenokart atkariga no dabiskas vides (klimata, augsnes) un cilvéku darbibas ietekmes.
Viens no biitiskakajiem cilvéka saimnieciskas darbibas ietekmé&josSiem faktoriem uz vidi ir
gaisa piesarnojuma palielinaSanas, kas ievieS korekcijas augu attistibas reZzima. PaSlaik
zinatnieku uzmanibas loka ir vairakas problémas, no kuram aktualaka iezimgjas oglekla
dioksida (CO;) daudzuma palielinasanas atmosfera, kas izraisa globalo sasil$anu.

Palielinats CO, atmosfera (siltumnicas efekts) izraisa izmainas augu augsana, lidz ar
to palielinas arT atmiruSo augu un meza nobiru daudzums. Ir veikti daudzi petijumi klimata
parmainu konteksta, taja skaita par oglekla (C) uzkrasanos koku biomasa. Jaatzime, ka
peétnieki nav vienispratis par siltumnicas efekta izraisitajiem c€loniem. Tomer, jo vairak
siltumnicas efektu izraisoSu gazu noklis atmosfera, jo siltaks biis Zemes klimats.

Lai dalgji mazinatu cilveka darbibas negativas sekas, pasaules valstu valdibas,
ieklausoties zinatnieku atzinas, ir izstradajusas virkni 1€mumu, kuru izpilde samazinas
klimata izmainu nelabveligo ietekmi uz vidi, tai skaita meZa ekosistemu darbibu. Klimata
parmainu joma ir pienemti daudzi Eiropas Savienibas (ES) tiesibu akti, kuru saistibas ir
japilda ar1 Latvijai. Viens no tiem ir Eiropas Parlamenta un Padomes 2003. gada 13.
oktobra Direktiva 2003/87/EK, ar kuru nosaka siltumnicefekta gazu emisijas (SEG) kvotu
tirdzniecibas sist€émas izveidi Kopiena. Direktiva izveidota, lai palidzétu ES dalibvalstim
pildit savas starptautiskas emisiju samazinajuma saistibas ekonomiski visizdevigakaja
veida, ka ar1 nodrosinatu Eiropas Savienibas kop&jo saistibu izpildi.

Atbilstosi Meza statistiskas inventarizacijas datiem Latvijas mezi aiznem 3290288 ha
jeb 50,9% no valsts teritorijas kopplatibas, taja skaita audzes, kur valdosa suga ir Pinus
sylvestris L. (parasta priede) — 1009170 ha jeb 35% no mezaudzu kopplatibas. Attiecigi
parastas priedes jaunaudzes no valsts kop€jas mezu platibas aiznem 15% un ir bitiska C
kratuve. Latvija p€c neatkaribas atjaunoSanas un izmainam agraraja politika lielas
lauksaimniecibas zemju platibas ir neapsaimniekotas, un Sobrid vairak neka 310 tikst. ha
$o zemju ir stadot apmeZotas vai ari dabiski apmeZojusas. Sobrid jau vairums jaunaudZu ir
sasniegusas 10 — 15 gadu vecumu, un ir sakusies nozimiga C piesaiste sarazotaja koksné.

Latvija dazadu apstaklu rezultata lauksaimniecibas zemes apmeZojas vai tiek
apmezotas, veidojot dazadu koku sugu mezaudzes. Meza zemés, ka ar1 lauksaimniecibas
zemges parasta priede ies€jas gan dabiski, gan tiek atjaunota stadot, tap&c svarigi ir atbildét
uz jautajumu, cik daudz ogleklis tiek saistits parastas priedes saknu biomasa, it Tpasi
pédgjo gadu perioda, kad ieverojami piecauguSas aktivitdtes meZza atjaunoSana un
leaudzeSana.

Oglekla dioksida piesaiste meza norisinas fotosintézes procesa. Noskaidrojot koksnes
vid€jo mitrumu, virszemes un pazemes biomasas attiecibu vertibas, var aprékinat, cik liels
C daudzums tiek piesaistits mezaudzes. Latvija Sobrid iztrokst dati par C apriti un
uzkraSanos, seviSki saknu biomasa mezaudz€s un dabiski apmezojusas vai staditas
mezaudzes lauksaimnieciba neizmantotas zemés (LNZ). Tapéc pétijumi $aja virziena lauj
legiit plasaku priekSstatu par C apriti daba, vienlaicigi iegiistot datus par oglekla
uzkrasanos dazada vecuma audzes.



Gadsimtiem ilgi ir bijis pieprasijums péc stumbra frakcijas vertejuma tilpuma
vienibas. Tapéc meza taksacija ir izstradatas daudzas viegli lietojamas un precizas
atsevisSku koku stumbru tilpumu un koku kopu krajas noteikSanas metodes. Zinot koksnes
blivuma vertibas, ir iesp&jams tilpuma vertejumu parrékinat masas vienibas. Problematiska
ir nestumbru frakciju biomasas noteikSana, kur eso$as metodes nav piemérotas So frakciju
tilpuma aprékinasanai.

1.2. Petijjuma merkis

Saknu biomasas un oglekla uzkrasanas izpéte parastas priedes (Pinus sylvestris L.)
jaunaudzes.

1.3. Pétnieciskie uzdevumi

1. Saknu biomasas un morfometrisko parametru izp&te parastas priedes jaunaudz€s meza
zemju un lauksaimnieciba neizmantoto zemju apmezZojumos;

2. Oglekla uzkrasanas salidzinajums saknu biomasa parastas priedes jaunaudzes atSkirigu
vides faktoru ietekmeg;

3. Vienadojumu un parrékinu koeficientu izstrade parastas priedes jaunaudz€s dazadu
saknu biomasas frakciju aprékinasanai.

1.4. Petijjuma izvirzita hipoteze

Promocijas darba ir izvirzita sekojoSa hipotéze: koku biomasas sastavdalu attiecibas
ir biologiski noteiktas, un to biomasu var aprékinat ka funkciju no viegli izméramiem koka
parametriem.

1.5. Zinatniska novitate

Meza zemés, ka ari lauksaimniecibas zem&s priede ies€jas gan dabiski, gan tiek
atjaunota stadot, tapec, lai atbildétu uz jautajumu, cik ogleklis tiek saistits priedes saknu
biomasa, nozimigi ir veikt parastas priedes saknu biomasas un oglekla uzkrasanas izpéti
dazados vides apstak]os.

Latvija Sobrid iztrukst dati par oglekla apriti un uzkrasanos, seviski saknu biomasa
mezaudzeés un dabiski apmeZojusas vai staditds meZzaudzes lauksaimnieciba
neizmantotajas zemés. Tapéc pétijumi Saja virziena lauj ieght plasaku priekSstatu par
oglekla aprites ciklu, vienlaicigi iegustot datus par oglekla uzkrasanos dazada vecuma
audzes. Gadsimtiem ilgi ir bijis pieprasijjums p&c stumbra frakcijas vert€juma tilpuma
vienibas. Tapéc meza taksaciyja ir izstradatas daudzas viegli lietojamas un precizas
atsevisku koku stumbru tilpumu un koku kopu krajas noteikSanas metodes. Zinot koksnes
blivuma vertibas, ir iesp&jams tilpuma vert€§jumu parrékinat masas vienibas. Problematiska
ir saknu frakcijas biomasas noteikSana, kur §1 metodika nav piemérojama. Tapéc ir
nepiecieSami pétijumi, lai izstradatu pilnvertigus aprékina modelus saknu frakcionalas
biomasas aprékinasanai. Sobrid Latvija trukst dati par saknu biomasu dazadas saknu
frakcijas meza zemju un lauksaimnieciba neizmantoto zemju apmezojumos.



1.6. Praktiska novitate

Atbilstosi starptautiskajam saisttbam (Latvijas Republikas Saima ratificéts
2002. gada), Latvijai FAO (The Food and Agriculture Organization of the United Nations)
jaiesniedz parskats par Kioto protokola istenoSanas gaitu. Parskata dati ir pamats SEG
kvotu starpvalstu sadalei. Katra valsts ir finansiali ieintereséta SEG apjoma samazinaSana,
kas sasniedzama, palielinot valsts teritorijas C piesaistes apjomus, galvenokart, apmezojot
lauksaimnieciba neizmantotas zemes un veicinot meza produktivitates paaugstinasanu. Ka
viena, ta otra gadijuma ieveérojamu oglekla piesaistes dalu veido kokaugu saknu biomasa.
Izstradajot iesp€jas tas noteikSanai, tiks piedavata atbilstoSa metodika precizetai Nacionala
zinojuma sastadiSanai.

1.7. Promocijas darba struktiira un apjoms

Promocijas darba pirmaja nodala apkopotas lidz§ingjo p&tijjumu atzinas par parastas
priedes saknu biomasu, saknu attistibu ietekmgjosajiem faktoriem, ka arT oglekla piesaisti
saknu biomasa. Nodala detalizéti analiz€ta literatiira par kokaugu biomasas frakcionalo
iedalfjumu, saknu biomasas attistibu un ietekmgjosajiem faktoriem, biomasu dazados
vides apstaklos, oglekla aprites ciklu mezaudzes un oglekla uzkrasanos saknu biomasa
dazados vides apstaklos, saknu biomasas parrékinu koeficientu noteikSanu, ka ari apkopota
informacija par lidz Sim izstradatajiem saknu biomasas aprékinu vienadojumiem.

Otraja nodala aprakstits petijuma materials un metodika.

TreSaja nodala atspoguloti pétijuma rezultati un to analize, ka ari veikta rezultatu
interpretacija. Rezultatu atspogulosanai nodala ir ieklautas apakSnodalas un paragrafi.
3.1. apaksnodala ir veikts morfometrisko parametru noveérte§jums dazadam saknu frakcijam
atSkirigos meza vides apstaklos. Savukart paragrafos 3.1.1. analizéti uzsiicoSo saknu, bet
3.1.2. siko saknu un balstsaknu morfometriskie parametri meza zemes.

Parastas priedes saknu biomasas izvert€jums dazados meza vides apstaklos
atspogulots 3.2. apaksSnodala. Apaksnodala ieklauti Cetri paragrafi, kuros ir veikta saknu
biomasas izpéte dazadam frakcijam meza zemes. Attiecigi 3.2.1. paragrafa analizéta
uzsiicoSo saknu biomasa, 3.2.2. siko saknu biomasa, 3.2.3. balstsaknu biomasa,
3.2.4. celma biomasa un 3.2.5. paragrafa analiz€ta kop€ja saknu biomasa meza zemes.

Apaksnodala 3.3. novertéti parastas priedes dazadu saknu frakciju morfometriskie
raditaji lauksaimnieciba neizmantoto zemju apmezojumos. Paragrafa 3.3.1. veikts
uzsticoSo saknu morfometrisko parametru novertéjums, bet paragrafa 3.3.2. siko saknu un
balstsaknu = morfometriskais noveértg§jums lauksaimnieciba neizmantoto zemju
apmezojumos.

3.4. apaksnodala veikts parastas priedes saknu biomasas izvert€§jums dazados meza
vides apstaklos lauksaimnieciba neizmantoto zemju apmeZojumos. Paragrafa
3.4.1. uzsiicoso saknu biomasas izveértejums lauksaimnieciba neizmantoto zemju
apmezojumos, 3.4.2. siko saknu biomasas izvert€§jums, 3.4.3. balstsaknu biomasas
izverte§jums, 3.4.4. celma biomasas izvert§jums un 3.4.5. kop€jais saknu biomasas
salidzinajums.

Apaksnodala 3.5. noveértetas mitruma izmainas parastas priedes saknu frakcijas
dazadu vides apstak]u ietekmé, savukart 3.6. apakSnodala parastas priedes saknu blivums



dazados vides apstaklos. Apaks$nodala 3.7. noteikti un izvertéti parastas priedes dazadu
saknu frakciju biomasas parrekina koeficienti meza zemé&s un lauksaimnieciba
neizmantotajas zemes. Savukart 3.8. apakSnodala analizéts oglekla saturs parastas priedes
dazadas saknu frakcijas, ka ar1 salidzinats oglekla saturs starp dazadam saknu biomasas
frakcijam skujkokiem un lapu kokiem. Attiecigi apakSnodala 3.9. veikta saknu biomasas
aprekinu vienadojuma analize dazadam parastas priedes saknu biomasas frakcijam.

Promocijas darba apjoms ir 130 lapaspuses, informacija apkopota 24 tabulas un 85
attelos, 3 pielikumos un izmantoti 145 literatiras avoti.

1.8. Zinatniska darba aprobacija

Petijuma rezultati apkopoti 13 publikacijas, kuras ir ievietotas starptautiskos un
vietgjos zinatniskajos rakstu krajumos, ka art konferencu tézu krajumos. Petijuma rezultati
prezentéti 17 starptautiskas zinatniskajas un viet€jas nozimes konferences.

Publikacijas par darba tému visparatzitajos recenzéjamos zinatniskajos izdevumos

1. Bardulis A., Jansons A., Liepa I. (2011) Fine root biomass and morphology in Scots
pine (Pinus sylvestris L.) young stands. In: Proceedings of the annual 17" International
Scientific Conference ,, Research for Rural Development 2011”. Jelgava, 18-28 May
2011. Latvia: Latvia University of Agriculture. Vol.2, p.17-22. (AGRIS; SCOPUS;
EBSCO; CAB Abstracts)

2. Bardulis A., Jansons A., Liepa 1. (2012) Below-ground biomass production in young
stands of Scots pine (Pinus sylvestris L.) on abandoned agricultural land. In:
Proceedings of the Annual 18" International Scientific Conference ,, Research for Rural
Development 2012”. Jelgava, 16-18 May 2012. Latvia: Latvia University of
Agriculture. Vol.2, p.49-54. (AGRIS; SCOPUS; EBSCO)

3. Bardule A., Lazdins A., Bardulis A., Lazdina D., Jelena S. (2012) MeZa nobiru frakcijas
un to ktmiskais sastavs priezu (Pinus sylvestris L.) audze 2. [imena meZa monitoringa
parauglaukuma. Latvijas Lauksaimniecibas Universitates Raksti, Nr.27 (322), 16.-
21.1pp. (AGRIS; EBSCO; CAB Abstracts)

4. Bardulis A., Daugaviete M., Lazdins$ A., Bardule A., Liepa 1. (2011) Biomasas struktiira
un oglekla uzkraSanas virszemes un saknu biomasa baltalkspa (Alnus incana (L.)
Moench.) jaunaudz€s lauksaimniecibas zemé&s. Mezzinatne, Nr.23 (56), 71.-88.lpp.
(AGRIS; EBSCO; CAB Abstracts)

Paréjas publikacijas par promocijas darbu

1. Bardulis A., Daugaviete M., Komorovska A., Liepin$ K., TeliSeva G. (2009) Studies on
the development of root systems in young forest stands of deciduous trees in naturally-
afforested agricultural lands. In: International Symposium ,,Root Research and
Applications”. Abstract book. Vienna, Austria, 2-4 September 2009. Institute of
Hydraulics and Rural Water Management, Department of Water, Atmosphere and
Environment, BOKU, p. 41.
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PiedaliSanas starptautiskajas konferences

1. International Scientific Conference of the Vidzeme University of Applied Science and
Nature Conservation Agency North Vidzeme Biosphere Reserve ,,Solutions on
Harmonising Sustainability and Nature Protection with Socio-Economic Stability”, 19-
20 August 2010, Valmiera, Latvia. Stenda referats: Bardulis A., Daugaviete M., Bardule
A., Lazdin$ A.. The biomass production in above and under - ground grey alder (Alnus
incana L. Moench) young stands.



. 6th International Scientific Conference ,,Students on their way to science”, 27 May

2011, Jelgava, Latvia. Referats: Bardulis A., Liepa I. Fine-root biomass and morphology
of sapling scots pine (Pinus sylvestris L.) stands.

. Annual 17th International Scientific Conference ,,Reserch for Rual Development 20117,

18-28 May 2011, Jelgava, Latvia. Referats: Bardulis A. Fine-root biomass and
morphology in Scots pine (Pinus sylvestris L.) young stands.

. Cost action FP803 Conference ,,Carbon balance after disturbances and drought”, 27-30

June 2011, Barcelona, Spain. Stenda referats: Bardulis A., Daugaviete M., Bardule A.
Root biomass and carbon accumulation of saipling grey alder (Alnus incana) stands in
naturally-afforested agricultural lands.

. 7th International Symposium ,,Structure and Function of Roots”, 5-9 September 2011,

Novy Smokovec, High -Tatras, Slovakia. Stenda referats: Bardulis A., Jansons A, Liepa
I. Fine root distribution of sapling Scots pine (Pinus sylvestris L.) stands.

. International Conference “Genetic variation of adaptive traits”, 30 November-1

December, 2011, Salaspils, Latvia. Referats: Bardulis A., Jansons A. Below-ground
biomass of hybrid aspen (Populus tremula L. x Populus tremuloides Michx).

. Annual 18th International Scientific Conference ,,Research for rural development

20127, 16-18 May 2012, Jelgava, Latvia. Referats: Bardulis A., Jansons A., Liepa |.
Below-ground biomass production in young stands of Scots pine (Pinus sylvestris L) on
abandoned agricultural land.

. 17th International Scientific Conference ,,EcoBalt 2012”, 18-19 October 2012, Riga,

Latvia. Referats: Bardulis A. Jansons A., Liepa |. Carbon accumulation in root biomass
in Scots pine (Pinus sylvestris L.) young stands of forested areas.

. Cost action FP803 Conference ,,Belowground carbon turnover in european forests”, 28

October-1 November 2012, Adana, Turkey. Stenda referats: Bardulis A., Jansons A.,
Liepa I. Fine root biomass and carbon accumulation in Scots pine (Pinus sylvestris L.)
stand.

10. Cost action FP803 Conference ,,Belowground carbon turnover in european forests”,

13-15 May 2013, Bordeaux, France. Stenda referats: Bardulis A., Jansons A., Liepa |.,
Bardule A., Daugaviete M. Effects of soil preparation and regeneration on Pinus
sylvestris root development.

11. International Baltic Sea Region Scientific Conference ,,Interdisciplinary Research for Higher

Socioeconomic Value of Forests”, 10-12 June 2013, Riga, Latvia. Referats: Bardulis A.,
Jansons A., Liepa 1., Bardule A. Carbon accumulation in root biomass and root morphology
aspects of young Scots pine stands in flat land of Zemgale in Latvia.

PiedaliSanas vietéjas nozimes konferences

1.

LU 68. Zinatniska konference, Zemes un vides zinatnu sekcija, apakssekcija "Biotas un
augsnes geografija", 2010. gada 4. februari, Riga, Latvija. Referats: Bardulis A.,
Daugaviete M., Bardule A., Lazdin§ A. Oglekla akumulacija virszemes un saknu
biomasa baltalk$na jaunaudzes.

. Zinatniski praktiska konference ,,Zinatne un prakse nozares attistibai”, 2010. gada 22.

lidz 25. martam, Jelgava, Latvija. Referats: Bardulis A. Oglekla akumulacija virszemes
un saknu masa baltalk$na jaunaudzes.
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3. LU 69. Zinatniska konference, Zemes un vides zinatnu sekcija, apakssekcija "Biotas un
augsnes geografija", 2011. gada 31. janvari, Riga, Latvija. Referats: Bardulis A. Parastas
priedes (Pinus sylvestris L.) saknu biomasa bijuSo lauksaimniecibas zemju
apmezojumos.

4. Zinatniski praktiska konference ,,Zinatne un prakse nozares attistibai”, 2011. gada
14. Iidz 17. martam, Jelgava, Latvija. Referats: Bardulis A, Jansons A. Parastas priedes
(Pinus sylvestris L.) saknu biomasa bijuso lauksaimniecibas zemju apmeZojumos.

5. Latvijas Universitate 70. Zinatniska conference, Dendroekologijas sekcija, 2012. gada
2. februari, Riga, Latvija. Referats: Bardulis A., Zeps M., Jansons A. Saknu biomasas
izplatiba hibridas apses (Populus tremula L. x Populus tremuloides Michx) stadijumos
uz lauksaimniecibas zemeém.

6. Zinatniski praktiska konference ,,Mezzinatne un prakse nozares attistibai” 2012. gada
12. Iidz 16. martam, Jelgava, Latvija. Referats: Bardulis A., Jansons A. Saknu biomasas
izplatiba skujkoku jaunaudzes.

2. Materials un metodes

Saskana ar darba meérki un izvirzitajiem darba uzdevumiem pétijjuma ietvaros
izveletas parastds priedes dazadas biezibas, vecuma, apsaimniekoSanas un zemes
izcelsmes veida (meZza zemes un lauksaimnieciba neizmantotas zemes) jaunaudzes.
Pétfjuma ietvaros atlasitas parastas priedes jaunaudzes, kuras ir vecuma lidz 40 gadiem.
Izvert§jot dazadu audzu, kuras ierikotas uz meza un lauksaimnieciba neizmantotajam
zemém, parametrus (vitalitate, vides apstakli u.c.), pétfjuma ietvaros atlasitas audzes
empiriska materiala ievakSanai. Empiriskais materials pétijjuma veikSanai ievakts
vegetacijas perioda laika (no jiinija Iidz augustam) no 2009. Iidz 2013. gadam.

Empiriska materiala dati pétijuma meérka istenoSanai ievakti parastas priedes
jaunaudzes, kuras ierikotas uz meza zemém (dabiski apmezojusas un staditas platibas) un
lauksaimnieciba neizmantotajam zemém (staditas platibas). Datu salidzinaSanai un
situacijas raksturoSanai papildus atlasitas parastas priedes audzes, kuras ir arpus jaunaudzu
vecuma (45 gadi), ka arT citu sugu dazada vecuma audzes. Lai raksturotu saknu biomasas
attistibu un piesaistita oglekla apjomu, pétijuma ietvaros audzes izraudzitas ta, lai tas
atspogulotu péc iesp€jas plasakas meza ierikoSanas un apsaimniekoSanas iespéjas.
Atlasitas audzes bija atSkirigs augsnes sagatavosSanas veids un stadamais materials. Audzes
ir ierikotas dazados laika posmos, 1idz ar to prakse ir izmantoti dazadi meza atjaunoSanas
veidi (2.1. tabula.).
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2.1. tabula / Table 2.1.

Meza atjaunoSanas veids atlasitajas audzes
Type of forest renewal in the selected stands

Augsnes sagatavoSana / Stadamais materials / Suga/ | Zemes izmantoSanas veids /
Preparation of soil Planting material Species Land use

Arkls / Plough ietvarstadi /kailsakni P, Pc, meza zeme /

balled trees / bare root trees | Ps forest land
D!skvglda arkls / ietvarstadi / balled trees P meza zeme /
Discoid plough forest land
Buldozers / Bulldozer kailsakni / bare root trees P gﬁggtzlzrr?;/
Netika veikta / dabiski apmezojies / P, Ba meza zeme, LNZ /
Was not performed naturally afforested forest land, LNZ
Netika veikta / . _ . P, B, LNZ /LNZ
Was not performed ietvarstadi / balled trees AH
LNZ — lauksaimnieciba neizmantota zeme / abandoned agricultural land
P— Pinus sylvestris L.
Pc—  Pinus contorta Dougl. var. latifolia Engelm.
Ps—  Pinus strobus L.

Ba— Alnusincana (L.) Moench
B—-  Betula pendula Roth
AH —  Populus tremuloides Michx. x Populus tremula L.

Saskana ar pétfjjuma darba meérki un izvirzitajiem uzdevumiem saknu biomasas
noteikSanai un uzkrata C daudzuma izzinaSanai izveleti un ierikoti 22 parauglaukumi,
katra audze ierikojot vienu parauglaukumu, Kura centrs izvéléts audzes visraksturigakaja
vieta (izsledzot reljefa paaugstinajumus, mikroieplakas un malas efekta ietekmi). Katra
parauglaukuma veikts augsnes apraksts atbilstosi Latvijas augsnu klasifikacijai.

Saknu biomasas noteikSanai un analizei paraugkoku atlase veikta péc koku stumbra
caurméra 1,3 m augstuma (D;3) un augstuma, iesp&ju robezas ieklaujot audzes vidgjos
parametrus. Paraugkoku atlasé izmantota attieciba 1:3:1 (viens koks minimalaja, tris —
vid€ja un viens — maksimalaja caurméra pakap€) vai 1:1:1 (viens koks minimalaja, viens —
vid€ja un viens — maksimalaja caurmeéra pakapg).

Empiriska materiala datu paraugkopu veidoja 116 atlasiti paraugkoki: Pinus
contorta Dougl. var. latifolia Engelm., Betula pendula Roth, Pinus strobus L., Populus
tremuloides Michx. x Populus tremula L., Alnus incana (L.) Moench un 63 Pinus
sylvestris L. paraugkoki.

Petijuma ietvaros atlasito paraugkoku saknu biomasas uzskaitei un analizei saknu
sistéma iedalita Cetras frakcijas: balstsaknes — @ >20 mm; sikas saknes — @ 2 —20 mm);
uzsiicosas saknes — @ < 2 mm (Fujii and Kasuya, 2008; Finer et al., 2011); celms (Liepa
un Blija, 2008).

Paraugkoku celma, balstsaknu un siko saknu biomasa noteikta 116 paraugkokiem,
atrokot saknu sistemu (2.1. att.), atdalot no sakném augsnes dalinas, mazgajot zem tdens
spiediena striikklas un nosverot ar precizitati +0,02 kg.
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2.1. att. Atrakta saknu sistéma (foto: A. Bardulis).
Fig. 2.1. Unearthed root system (photo by A. Bardulis).

Koku uzsiicoSo saknu biomasa aprékinata péc saknu masas noteikSanas ieprieks
ierikotajos parauglaukumos. Saknu paraugi nemti ar specialu Ejkelkamp firmas augsnes
urbi (100 cm? cilindru). Uzsiico$o saknu biomasas noteik3anai katra parauglaukuma péc
randominizacijas principa 20 atkartojumos nemti augsnes paraugi 0 — 10, 10 — 20, 20 — 30,
30 — 40, 40 — 50 un 50 — 60 cm dziluma. Laboratorijas apstaklos uzsiicoSo saknu paraugi
skaloti, atdalot augsnes dalinas no uzstico§ajam sakném. Uzsiico$as saknes riipigi atdalitas
no sikajam sakném (@ > 2 mm) un citu augu un koku sakném, nosvertas izmantojot
analitiskos svarus ar precizitati 0,0001 g.

UzsiicoSo saknu morfometrisko parametru analizei paraugi skenéti, izmantojot
datorprogrammu Win RHIZO 2002 C (Regent instrument®) un kalibrétu skeneri
STD-1600. Rezultata iegiiti dati par saknu garumu, saknu virsmas laukumu un uzsiicoSo
saknu caurmeéru.

Sausas biomasas Tpatsvara noteikSanai saknu frakciju paraugi ar mizu pemti analizém
un izzavéti 105 °C temperatiira lidz pastavigai nemainigai masai (SM). Absoliitais koksnes
mitrums aprékinats, izmantojot vienadojumu (2.1).
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M =28 100%
B ' 0 (2.1)

kur:

M — absoliitais koksnes mitrums, %;
A — svaigi cirstas koksnes masa, g;
B — absoliiti sausas koksnes masa, g;

Uzkrata oglekla daudzums noteikts trijam saknu biomasas frakcijam: balstsakném:;
stkajam sakném; celmam. Paraugi C satura noteikSanai nemti p&c randominizacijas
principa, ieklaujot peéc iesp€jas plaSaku celma, balstsaknu un siko saknu caurméra
intervalu. Oglekla saturs saknu koksnes frakcijas noteikts paraugiem ar mizu. Kopgja C
satura noteikSanai izmantots oglekla elemetanalizators LECO CR-12, kura uzbiives pamata
ir dedzinaSanas kameras (meériSanas un references kameras). Metode balstas uz CO,
detektésanu ar infrasarkano starojumu.

Dendrometrisko raditaju aprékinaSanai ir izmantoti uzmeéritie parauglaukumu dati.

Koku skaits ha™:

N=tP 22

kur: |
N , — koku skaits parauglaukuma ar plattbu 100 m? vai 500 m?;
s — parauglaukuma platiba, ha.

Audzes vidgja koka Skérslaukums, m?:

_ 9]
v =7 | (2.3)
kur:
gi— J - ta koka skérslaukums, m?;
N — koku skaits.
Audzes vidgja koka caurmérs, cm:
dy = |4 oY | (2.4)
T
kur:
gv — audzes vidgja koka skerslaukums, m?.
Audzes gkérslaukums, m?:
G= Oy N , (25)

kur:

gy — audzes vidg€ja koka skerslaukums, m?;
N — koku skaits, ha™.
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Koka stumbra tilpums ar mizu, m*:

V =y L% pPLOL Yo (2.6)
kur:
L— stumbra garums, m;
D - stumbra caurmers ar mizu, cm,;

w, o, B, o —  empiriski noteikti koeficienti (2.2. tabula).

2.2. tabula / Table 2.2.
Koka stumbra tilpuma aprekinasanas formulas (2.6) empirisko
koeficientu vértibas (Liepa, 1996)
Values of empirical ratios of formula (2.6.) for the calculation of tree
stem volume (Liepa, 1996)

Sugas latiniskais nosaukums /
Species denomination in Latin v ¢ b 9
Alnus incana (L.) Moench 0.7450 - 10™ 0.81295 0.06935 1.8546
Pinus sylvestris L. 1.6541 - 10™ 0.56582 0.25924 1.59689
Betula pendula Roth 0.9090 - 10" |0.71677 |0.16692 | 1.75701
Koku sugas kraja, m° ha™:
Vg =V-N, (2.7)

kur:
V — vidgjais koka stumbra tilpums ar mizu, m?;
N — koku skaits ha™.

Blivuma noteikSanai sakpu frakcijam izmanto metodi, kura nosaka saknu koksnes ar
mizu masas Ipatsvaru un tilpumu. Tilpumu nosaka, attiecigo saknu frakciju ievietojot
tilpuma noteikSanas tvertng, kura piepildita ar Gideni. Saknu tilpums ir ekvivalents izspiesta
tidens tilpumam. Saknu blivumu (kg m™) aprékina, izmantojot izspiesta tidens tilpumu un
dabiski mitras saknu frakcijas biomasas savstarp&jo attiecibu:

~m
P=v, (2.8)
kur:
V — dabiski mitra parauga tilpums, m;
m — dabiski mitra parauga masa, kg.

Tradicionali koka frakciju biomasu aprékina, izmantojot paraugkoku pé€tijumos
noskaidrotus biomasas parrékina koeficientus c;:
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Ci

mi
m’ (2.9)

kur:

m;— attiecigas koka dalas biomasa, t;

m — koka stumbra tilpums, t m* (Liepa, 2005).

Biomasas parrékina koeficientu pareizinot ar stumbra tilpumu vai kokaudzes kraju,
tiek iegtta attiecigas koka dalas vai audzes frakcijas svaigi cirsta biomasa (tonna):

kur:
M — koka stumbra tilpums vai kokaudzes kraja, m>;
Ci — attiecigas biomasas frakcijas parrékina koeficients.

Empiriskajam datu kopam veikta statistisko raditaju aprékinaSana, izmantotas
aprakstoSas statistikas metodes. Ta ka vairakas pétijuma grupas empiriska materiala
vertibas atskiras no normala sadalijuma, to salidzinasanai lictotas Manna-Vitneja U testa
un Kruskala-Valisa testa neparametriskas metodes, kas ir alternativas metodes t-testam un
vienfaktora dispersijas analizei un var tikt pielietotas neatkarigi no datu sadalijjuma veida.
Paraugkopu aritmétiskajam vid&am verttbam aprékinata robezkluda, kura iek]auta
Stjidenta sadalijuma norméta novirze, kuras vertiba ir atkariga no brivibas pakapju skaita
un pienemta butiskuma Itmena. Datu apstradei lietota vienfaktora dispersijas analize,
atseviskos gadijumos ar1 divu faktoru dispersijas analize. Izmantojot dispersijas analizi,
analizéta vecuma, sugas, atjaunoSanas veida, ka arT zemes izmantoSanas veida faktoriala
ietekme uz rezultativo pazimi. Regresijas analize pielietota, lai noteiktu, péc kadas
likumsakaribas mainas rezultativa pazime, ja mainas faktorialas pazimes vertibas.
Galvenokart regresijas analize izmantota, lai atrastu sakaribu starp dendrometriskajiem
raditajiem un saknu biomasu dazadas frakcijas un dazadu biomasas frakciju mijiedarbibu.
Korelacijas analize izmantota, lai noskaidrotu dazadu pazimju, pielietoto metozu rakstura
sakaribas, atbilstibu un cieSumu.

3. Rezultati un diskusija
3.1. UzsiicoSo saknu morfometriskais novértéjums parastas priedes jaunaudzes

P&tijuma ietvaros analiz&jot dazada vecuma parastas priedes audzes, redzams, ka 0 —
10 cm dziluma uzsiicoSo saknu garums lielaks ir jaunaka vecuma audz€s. UzsticoSo saknu
garums dazados augsnes dzilumos ir atSkirigs. Statistiski biitiskas uzstico$o saknu garuma
atskiribas ir vérojamas ari starp dazada vecuma audzém (dispersijas analize, p < 0,05).

LNZ apmezojumos jaunaka vecuma audz€s verojamas biitiski garakas uzsiicosas
saknes (dispersijas analize, p < 0,05), kas izskaidrojams ar baribas vielu nepiecieSamibu
kokam agrina attistibas stadija. Meza zemé&s nav konstatéta tik izteikta sakariba ka LNZ
apmezojumos. Tas nozimé&, ka augligas lauksaimniecibas augsnés kokiem veidojas
izteiktakas uzsiico$as saknes un attiecigi lielaks uzsiicosas virsmas laukums.
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UzsiicoSo saknu caurmeérs ir viens no morfometriskajiem parametriem, kas raksturo
koka vitalitati. MeZa zemes uzsiicoSo saknu caurmérs ir statistiski biitiski atSkirigs starp
augsnes dzilumiem dazada vecuma parastas priedes audzes (dispersijas analize, p < 0,05).
Lielaks uzsiicoSo saknu caurmérs ir vérojams jaunaka vecuma audzeés 0 — 10 cm dziluma,
un Saja dziluma ir bitiskas atSkiribas salidzinajuma ar vecakam audzém (dispersijas
analize, p < 0,05). Rezultatu analizé redzams, ka parastas priedes uzsticoSo saknu
caurméra noteicosie faktori nav audzes vecums, ka arT novietojums vertikala virziena.

LNZ lielaka caurméra saknes izvietojusas virsgjos augsnes slanos, 0 — 10 cm dziluma
vidgjais caurmérs ir 0,9 0,1 mm, 10 — 20 cm dziluma 0,8 0,1 mm. Savukart biitiski So
saknu biomasa samazinas, pieaugot dzilumam un 40 — 50 cm dziluma vid&jais caurmérs ir
0,4 £0,1 mm, bet 50 — 60 cm dziluma 0,3 £0,1 mm. LNZ apmezojumos vidg€jais uzsiicoso
saknu caurmérs 0 — 60 cm augsnes dziluma ir lielaks neka tas ir v€rojams meza zemes.
Mineralajam baribas vielam bagatas augsnés ir tendence veidoties lielaka caurmeéra
sakném.

Analiz&jot saknu virsmas laukumu, dazada vecuma parastas priedes audzé€s meza
zemés Un LNZ ir vérojams, ka lielaka dala saknu aktivas virsmas atrodas augsnes virsgjos
slanos, tadgjadi nodroSinot koka pilnvértigu augSanas dinamiku, uznemot nokrisnu tideni
un baribas vielas, kuras izskalojusas no virs€jiem augsnes slaniem. Jaunaka vecuma
audzém lielaka horizontala uzsiico$a saknu izplatiba ir vérojama augsnes slani 0 — 20 cm
dziluma. Vecakas audzes saknu novietojums diferencgjas visa augsnes slant 0 — 60 cm
dziluma. Vecakas audz€s saknu virsmas laukuma diferencéSanas dazados dzilumos ir
1zskaidrojama ar baribas vielu un tidens trikumu augs&jos slanos.

Rezultati parada, ka virsmas laukums lielaks ir LNZ apmezojumos neka meZa zemju
stadijumos.

3.2. Parastas priedes siko saknu un balstsaknu morfometriskais novertejums
meZa zemes

Meza zem@s saknu izplatiba sniedzas arpus vainaga projekcijas laukuma. Sada
tendence izteikti iezim&jas dabiski apmeZzojusas audzés (DAA), ka arT staditas audzEs
(SA). Salidzinot vienada vecuma audzes DAA un SA, redzams, ka SA ir statistiski butiski
garakas saknu dimensijas neka DAA (Kruskala-Valisa tests, p < 0,05). Vid&ji SA siko
saknu garums sniedzas 2 reizes talak neka DAA.

Vidgjais saknu projekcijas garums statistiski butiski atSkiras starp dazada vecuma
audzeém (Kruskala-Valisa tests, p > 0,05), un vérojamas lielas dimensionalas (garuma)
izmainas. Palielinoties audzes vecumam, saknes kliist garakas. Analizgjot vid€jas saknu
projekcijas parastas priedes audzes, kopé€jais balstsaknu un siko saknu garums statistiski
butiski neatskiras starp dazadu debespusu novietojuma virzieniem (Kruskala-Valisa tests,
p > 0,05). Iezim&jas tendence, ka vid&ji saknes vistalak kokiem stiepjas Z virziena,
attiecigi 2,7 0,8 m, savukart vistuvak ZR virziena 1,8 +0,6 m. lespgjams, ka $ada saknu
garuma attistiba ir saistita ar valdoSo veju ietekmi audze.

Attela 3.1. iegiito punktu izkliede ap sakaribas taisni raksturo korelacijas cieSumu.
Siko saknu garuma punktu izkliede SA, ka ari DAA ap sakaribas taisni atrodas liela
amplitida, korelacijas koeficienta veértibas ir vajas, attiecigi SA r = 0,17 (t = 1,345 <
< tyy =2,306; a = 0,05) un DAA T =0,43 (t = 7,656 > t,,, = 2,034; o = 0,05). Siko saknu
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garums ir viens no koka vitalitates raditajiem, un redzams, ka, palielinoties D, ; vai koka

augstums (H), siko saknpu garums nepalielinas.

Siko saknpu garuma attistiba ir

nevienmeriga un, nemot véra datu analizi, vaji prognozgjama.
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3.1. att. Sakariba starp koka caurméru 1,3 m augstuma Pinus sylvestris SA

un saknu garumu.

Fig. 3.1. Relationship between the tree DBH, ; of Pinus sylvestris in planted stands and

the length of roots.

Vecums, suga un vides apstakli ietekm& mietsaknes attistibu. P&tljuma ietvaros ar
95% ticamibu parastas priedes mietsaknes garuma atSkiribas ir statistiski butiskas starp
dazada vecuma audzém (Kruskala-Valisa tests, p < 0,05). Parastas priedes jaunaka vecuma
audzes mietsakne ir vaji attistijusies, bet, piecaugot audzes vecumam un tai briestot,
pakapeniski sak veidoties ari spéciga mietsakne. Briestaudzu vecuma parastas priedes
audzes kokiem ir izveidojusies spéciga mietsakne, attiecigi 45 gadus veca audze vidgjais

mietsaknes garums ir 1,12 m.

3.3. Parastas priedes siko saknu un balstsaknu morfometriskais novertéjums
lauksaimnieciba neizmantoto zemju apmeZojumos

Balstsaknu un siko saknu morfometriskie parametri LNZ ir atkarigi no audzes
vecuma. Redzams, ka balstsaknu garums palielinas, pieaugot audzes vecumam (3.2. att.).
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3.2. att. Saknu frakciju garuma (+ standartkluda) attistiba Pinus sylvestris audzés
lauksaimnieciba neizmantoto zemju apmeZzojumos.
Fig. 3.2. Development of root fraction length (+ standard error) in Pinus sylvestris
stands in afforested agricultural lands.

LNZ sikas saknes ir ieverojami garakas neka balstsaknes un veido vidgji 80% no
kopgja siko un balstsaknu garuma. Savukart balstsaknes veido 20% no kopgja balstsaknu un
siko saknu garuma. Vidgji siko saknu garums parastas priedes audzes ir 4,1 +0,8 km ha™, bet
balstsaknu garums 1,6 £0,2 km ha

Lidzigi ka tas bija veérojams paraugkokiem meza zemes, ar1 lauksaimnieciba
neizmantotajas zemes saknu projekcijas sniedzas vairakas reizes arpus koka vainaga
projekcijas laukuma. Lidz ar to pé&tijuma ietvaros giita atzina, ka saknes lauksaimniecibas
zemju apmezojumos neizplatas tikai vainaga projekcijas laukuma ietvaros, bet sniedzas
arpus ta.

3.4. Parastas priedes uzsiicoSo saknu biomasas izvértéjums dazados vides apstaklos

Meza zemes uzstcoSo saknu biomasas vertikala sastopamiba ir lielaka augsnes
augsejos slanos (0 — 30 cm dziluma) un samazinas, palielinoties augsnes dzilumam.
Uzsticoso saknu biomasu ietekmé augsnes dzilums, un ir v€rojamas biitiskas atSkiribas
starp dazadiem augsnes slaniem (t tests, p < 0,05). Pastav pat lineara cieSa negativa
sakariba starp uzsticoSo saknu biomasu un augsnes dzilumu.

Analizgjot uzsticoSo saknu izplatibu atkariba no augsnes sagatavoSanas veida, nav
verojamas butiskas atskiribas (t tests, p = 0,97) starp sagatavotu un nesagatavotu augsni.
Audzes vecums nav uzsiico$o saknu biomasas noteicosais faktors, jo atskiribas starp
vid€jo uzsticoso saknu biomasu un audzes vecumu katra augsnes slana dziluma nav
statistiski butiskas. Salidzinot vid€jo absoliiti sausu uzsiicoSo saknu biomasu starp
jaunaudzeém 0 — 60 cm dziluma, kuras ir DAA un SA, statistiski biitiskas atSkiribas nav
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vérojamas (t — tests, p = 0,92). SA augsnes slani 0 — 60 cm vidgji atrodas 5,2 +2.4 t SM ha™,
bet DAA 5,4 +2,5 t SM ha™ uzsiico$o saknu. Salidzinot uzsiico$o saknu biomasu dazados
augsnes dzilumos, statistiski butiskas atSkiribas ir starp apsaimnickoSanas veidiem 0 —
10 cm dziluma (t — tests, p = 0,001), kur biomasa ir lielaka SA neka DAA, attiecigi
3,0+1,4tSMhatun25+1,1 t SM ha™.

Meza zemées starp dendrometriskajiem raditajiem (koka caurmers 1,3 m augstuma un
augstums) un uzsiico$o saknu biomasu pastav savstarp&ja neatkariba (3.3. att.). Lidziga
tendence ir vérojama ar1 LNZ,
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3.3. att. Sakariba starp audzes vidéjiem dendrometriskajiem raditajiem
un uzsiico$o saknu biomasu.
Fig. 3.3. Relationship between the average dendrometric parameters and fine root
biomass of the stand.

P&tfjuma rezultatu analize parada, ka meza zemé&s, ka ari LNZ koku skaits uz ha nav
uzsticoso saknu biomasu noteicosais faktors. Sakariba starp parametriem ir Joti vaja, un
koku skaits uz platibas vienibu, neuzrada saistoSu ietekmi uzsiicoSos saknu biomasas
veidoSana.

Tapat ka meza zemées, ar1 lauksaimnieciba neizmantotajas zemges (3.4. att.) uzsiicoso
saknu biomasa samazinas, palielinoties augsnes dzilumam. Izvertgjot visu audzu
empirisko materialu vienkopus, vidgji lielaka uzsticoSo saknu biomasa koncentr&jas 0 —
10 cm dziluma, un statistiski butiskas biomasas izmainas ir vérojamas tikai starp 0 — 10 cm
un 50 — 60 cm augsnes slana dzilumiem. Salidzinot uzsiicoSo saknu biomasu
lauksaimnieciba neizmantotajas zem&s un meza zemes, lauksaimniecibas zemes vérojama
mazaka uzsiicoSo saknu biomasa.

Lauksaimnieciba neizmantoto zemju apmezojumos redzams, ka kop&ja uzsiico$o
saknu biomasa 0 — 60 cm augsnes slana dziluma lielaka ir jaunaka vecuma audz€s un
samazinas, pieaugot audzes vecumam. Sada sakariba ir izskaidrojama ar augsnes
parveidosanos, kura ir pielidzinama meza augsném.
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3.4. att. UzsiicoSo saknu biomasas izvietojums lauksaimnieciba neizmatotas zemes.
Robezkluda £95% noradits kludu stabina.
Fig. 3.4. Fine root biomass distribution in abandoned agricultural land.
Confidence interval £95% indicated in the error column.

Vecakas audzeés notiek uzsticoSo saknu diferencé€Sanas ar tendenci samazinaties
dzilakos augsnes slanos.

3.5. Siko saknu biomasas salidzinajums dazados vides apstaklos parastas
priedes jaunaudzés

Meza zemés koka vecums nosaka kop&jo koka biomasu, tapat ari biomasas
sadalijumu dazadas frakcijas. Koku vecums siko saknu biomasu ietekm¢ statistiski biitiski
(Kruskala-Valisa tests, p < 0,05). Atlasitajiem parastas priedes paraugkokiem mazaka
saknu biomasa vérojama jaunaka vecuma audzg€s un palielinas, pieaugot audzes vecumam.

P&tijuma ietvaros lielaku siko saknu biomasu veido koki, kuriem ir sastopams lielaks
caurmérs 1,3 m augstuma (3.5. att.) un augstums, un $ada tendence ir katra vecuma klasg.
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3.5. att. Sakariba starp koku caurméru 1,3 m augstuma un siko saknu biomasu Pinus
sylvestris (SM) meZa zemés.
Fig. 3.5. Rrelationship between the tree DBH; 3and small root biomass volume (DM) in
forest land.

P&tijuma ietvaros iezimgas tendence, ka lauksaimnieciba neizmantoto zemju
apmezojumos un meza zemés siko saknu biomasa ir atkariga no koku sugas un vecuma.
Salidzinot parastas priedes paraugkoku siko saknu biomasu lauksaimnieciba neizmantoto
Zemju apmezojumos un meza zemes vienada vecuma audz€s, nav verojamas statistiski
butiskas atSkiribas (Kruskala-Valisa tests, p > 0,05), bet uz platibas vienibu $o saknu
biomasa ir videji 1,9 reizes lielaka lauksaimnieciba neizmantoto zemju apmezZojumos neka
meza zemes, attiecigi 2,5 £0,5 t SM ha™.

Tapat ka meza zemes ar1 LNZ paraugkoku caurmérs 1,3 m augstuma ir pielietojams
siko saknu biomasas noteikanai (3.6. att.) un prognozesanai (R* = 0,86).
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3.6. att. Pinus sylvestris caurmeéra 1,3 m augstuma un siko saknu biomasas attieciba
lauksaimnieciba neizmantoto zemju apmeZojumos.
Fig. 3.6. Ratio of Pinus sylvestris DBH; ;and small root biomass in afforested
agricultural land.
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Paraugkoku taksacijas raditaji un siko saknu biomasa veido cieSaku sakaribu
lauksaimnieciba neizmantoto zemju apmezZojumos neka meza zemges.

Petijuma iegutie rezultati parada, ka vidgji siko saknu biomasa Pinus sylvestris
jaunaudzgs ir 3,7 £1,6 t SM ha™. Siko saknu biomasa aiznem nozimigu dalu no kopgjas
koka saknu biomasas, un vidg&ji tie ir 30 +£5% Pinus sylvestris audzés meza zemes un
lauksaimnieciba neizmantotas zemes.

3.6. Balstsaknu biomasas salidzinajums dazados vides apstaklos parastas priedes
jaunaudzes

Promocijas darba rezultati parada, ka balstsaknu biomasa svarstas liela amplituda
atkariba no koku vecuma. Ka redzams attéla 3.7. koku caurmérs 1,3 m augstuma nelineari
(pakapes funkcija) raksturo balstsaknu biomasu meza zemé&s. Regresijas vienadojuma
determinacijas koeficients R?=0,93.
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3.7. att. Sakariba starp koku caurméru 1,3 m augstuma un Pinus sylvestris
balstsaknu absoliiti sausu biomasu meZa zemés.
Fig. 3.7. Relationship between the tree DBH; ; and absolutely dry Pinus sylvestris coarse
root biomass in forest land.

Meza zemés audzes vecums bitiski ietekmé balstsaknu biomasu (Kruskala-Valisa
tests, p < 0,05). Salidzinot paraugkoku balstsaknu biomasu starp apsaimniekoSanas
veidiem, 45 gadus vecas audz€s nav v€rojamas statistiski butiskas atSkiribas (Kruskala-
Valisa tests, p > 0,05). Paraugkoku vidgja balstsaknu biomasa 45 gadus veca SA ir
15,4 £7,0 kg SM, bet savukart 45 gadus veca DAA vidgji 14,8 £7,2 kg SM.

Petijums iezimé, ka vidgja balstsaknu biomasa Pinus sylvestris jaunaudzu vecuma
meZa zem&s ir 14,6 5,3 t SM ha™.

Parastas priedes balstsaknu biomasa lauksaimnieciba neizmantoto zemju
apmeZojumos atlasitajas audzgs ir robezds no 1,4 0,6 t SM ha™ (12 gadi) lidz 8,3 +
+2,7 t SM ha™ (38 gadi). Izvértgjot atlasito audzu paraugkoku vidgjo balstsaknu biomasu,
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verojamas statistiski butiskas atSkiribas (Manna-Vitneja U tests, p < 0,05) starp dazada
vecuma audzeém.

Salidzinot parastas priedes paraugkoku vidéjo balstsaknu biomasu lauksaimnieciba
neizmantotajas zem&s un meza zemes, Nepastav statistiski butiskas atSkiribas starp abam
paraugkopam (Manna-Vitneja U tests, p > 0,05).

Balstsaknu biomasa parastas priedes audzés LNZ ir viegli prognoz&jama, izmantojot
koku caurméru 1,3 m augstuma (3.8. att.). Nelinearas regresijas vienadojumu balstsaknu
biomasas prognozésanai izskaidro determinacijas koeficients R* = 0,93.

35
30 /’
25

20 y = 0.0021x29418 . / ‘

R>=0.93 /
15 /
10

4 8 12 16 20 24 28
D, 3 cm/DBH, 5 cm

Balstsaknu biomasa, kg /
Coarse root biomass, kg

3.8. att. Sakariba starp Pinus sylvestris paraugkoku caurméru 1,3 m augstuma un
balstsaknu biomasu lauksaimnieciba neizmantoto zemju apmeZojumos.
Fig. 3.8. Relationship between Pinus sylvestris sample tree DBH; ;and coarse root
biomass in afforested abandoned agricultural land.

Sakaribas cieSumu starp balstsaknu biomasu un koku caurméru 1,3 m augstuma
raksturo korelacijas koeficients r = 0,91 (t = 8,842 > t,,, = 2,109; a. = 0,05).

3.7. Celma biomasas salidzinajums dazados vides apstaklos parastas
priedes jaunaudzés

Jaunaudzes paraugkokiem celms veidojas vaji. Meza zemés paraugkoka vidgja celma
biomasa 8 gadus veca parastas priedes SA ir 0,4 +0,1 kg SM, 12 gadus veca audze
0,6 +0,3 kg SM un 13 gadus veca audzé 0,7 +0,2 kg SM. Lielaka celma biomasa ir
verojama 14 gadus veca parastas priedes SA un bitiski palielinas (Kruskala-Valisa tests,
p < 0,05), pieaugot audzes vecumam, tapéc celma frakcija ir tie$i atkariga no koka
vecuma. Statistiski butiskas atSkiribas nav vérojamas (Kruskala-Valisa tests, p > 0,05),
salidzinot celma biomasu vienada vecuma audzgs, pielietojot dazadus apsaimniekoSanas
veidus. DAA celms attistas atrak neka SA un ir izteiktaks jau 8 gadu vecuma, tapat ari 45
gadu vecuma DAA vidga paraugkoka celma biomasa ir lielaka neka SA, attiecigi
11,2 5,1 kg SM un 10,3 +4,9 kg SM. Sadas tendences ir izskaidrojamas ar
apsaimniekoSanas veida ietekmi, jo sagatavotas augsn€s un kvalitativa stadama materiala
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ietekmé kokiem veidojas vairak virspus€ja saknu sist€éma (balstsaknes un sikas saknes) un
nav tik izteikta celma dala, savukart dabiski apmeZzojusas audzes saknu sist€éma ir dzilaka
ar lielakam celma frakcijas dimensijam (papildina balsta funkciju).

Sakariba starp paraugkoku caurméru 1,3 m augstuma un celma biomasu meza zemes
ir cieSa (3.9. att.). Pazimju cieSumu raksturo Pirsona korelacijas koeficients, r = 0,89
(t= 14,319 > t,., = 2,004; a = 0,05) un nelineara pakapes regresija (R* = 0,86).
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3.9. att. Sakariba starp Pinus sylvestris paraugkoku caurméru 1,3 m augstuma
un celma SM biomasu meza zemés.
Fig. 3.9. Relationship between Pinus sylvestris sample tree DBH; s;and stump dry
biomass in forest land.

Celma biomasa parastas priedes audzés lauksaimnieciba neizmantoto zemju
apmeZojumos ir robezas no 1,6 +0,7 t SM ha™ lidz 7,8 2,6 t SM ha™.

Parastas priedes celma biomasa un paraugkoku caurmérs 1,3 m augstuma LNZ veido
cieSu sakaribu, ko raksturo korelacijas koeficients r = 0,86 (t = 6,692 > t,, = 2,109;
a = 0,05). Nelinears regresijas vienadojums redzams attéla 3.10., ko izskaidro
determinacijas koeficients R? = 0,87. Redzams, ka empiriskie punkti blivi grupg&jas ap
izlidzinoSo Iikni, kas liecina, ka dati ievakti korekti un ir izmantojami precizai celma
biomasas aprakstiSanai.
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3.10. att. Pinus sylvestris caurméra 1,3 m augstuma un celma biomasas attieciba
lauksaimnieciba neizmantoto zemju apmezZojumos.
Fig. 3.10. Ratio between Pinus sylvestris DBH; ;and stump biomass in afforested
agricultural land.

Salidzinot ar meZa zemém, lauksaimnieciba neizmantot0 zemju apmeZojumos
veidojas par 7,5% lielaka celma biomasas frakcija vienada vecuma audzgs.

3.8. Mitruma izmainas parastas priedes saknu frakcijas dazadu vides
apstaklu ietekme

Saknu koksnes vidg&jais absoliitais mitruma saturs ir 202 £10% DAA un 179 +6% SA,
savukart relativais mitrums ir 65 £2% DAA un 63 +1% SA. P&tijuma analiz&jot saknu
mitruma saturu dazadas izcelsmes audzEs, kuras ir atjaunotas stadot vai dabiski
atjaunojusas, nav verojamas statistiski biitiskas absoliita un relativa mitruma atSkiribas
(t tests, p > 0,05), tomér iezimgjas tendence, ka DAA ir lielaks saknu mitruma saturs neka
SA.

Audzes vecums, ka ari sakngu frakcija ir mitruma satura ietekméjoSie faktori.
Analizgjot absoliito mitruma saturu, statistiski biitiskas izmainas ir v€rojamas starp
dazadam saknu frakcijam, ka arT dazada vecuma audzes (dispersijas analize, p < 0,05).

P&tijuma iezimgjas statistiski biitiska tendence, ka vidgjais absoltitais saknu mitrums
samazinas, pieaugot audzes vecumam. Salidzinot vienada vecuma audzes
apsaimniekoSanas veidus, redzams, ka balstsaknés, tapat ka sikas saknes absolitais
mitrums ir lielaks DAA neka SA platibas, atSkiribas ir statistiski bitiskas (t tests,
p <0,05). Celma koksné verojams zemakais absoliitais mitruma saturs. Absoliitais
mitruma saturs ir statistiski butiski atSkirigs vienada vecuma DAA un SA (t tests,
p <0,05).

Salidzinot saknu absoliito mitruma saturu LNZ, vérojama lidziga tendence ka meza
zem@es (pieaugot audzes vecumam, mitruma saturs samazinas). LNZ absoltitais mitruma
saturs statistiski biitiski atSkiras starp dazadam frakcijam un audzes vecumu (dispersijas
analize, p < 0,05), un vidgji atrodas intervala no 146 £7% Iidz 222 +6%. Lielakais absoliita
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mitruma saturs ir vérojams sikajas sakn€s. Celma frakcija absoliita mitruma saturs ir
viszemakais un ir robezas no 113 £11% lidz 186 +8%.

Videji saknu frakcijas LNZ absoliita mitruma saturs ir nedaudz lielaks neka meza
zemgs, tacu atSkiribas nav statistiski biitiskas (t tests, p < 0,05). Relativais mitrums ir
statistiski butiski atSkirigs dazada vecuma audzes (vienfaktora dispersijas analize,
p <0,05) un ir intervala no 58 £2% Iidz 61 +£1%. Tapat statistiski butiskas atskiribas LNZ
ir starp relativo mitrumu dazadas saknu frakcijas (vienfaktora dispersijas analize,
p <0,05). Vidgjais relativa mitruma saturs vislielakais ir sikajas saknes 72 +1%,
balstsaknés 63 +1%, savukart celma frakcija 58 +2%.

3.9. Parastas priedes saknu blivuma salidzinajums dazados vides apstaklos

Meza zemés absoliiti sauss saknu blivums starp dazada vecuma audze€m un frakcijam
ar 95% ticamibu statistiski biitiski atSkiras (dispersijas analize, p < 0,05). Vidgjais saknu
frakciju blivums SA svarstds robezas no 163 +64 kg m™ 8 gadus veca audze lidz
339 + 8 kg m™ 24 gadus veca audzg. Savukart DAA vidgjais saknu blivums ir robeZas no
143 +18 kg m™ 8 gadus veca audze lidz 400 11 kg m™ 24 gadus veca audzé. Analizgjot
vidgjas blivuma veértibas jaunaudzu vecuma, redzams, ka ir statistiski butiskas atSkiribas
starp dazadam frakcijam un augsnes sagatavoSanas veidiem (dispersija analize, p < 0,05).
Mazaks blivums ir vérojams celma frakcijai, attiecigi 245 +17 kg m° DAA un
281 +15 kg m™ SA. SA siko saknu blivums ir 367 +20 kg m™ un balstsaknu blivums
401 +5 kg m™, bet DAA siko saknu blivums ir 301 +22 kg m™ un balstsaknu blivums —
394 +6 kg m>.

LNZ saknu blivuma atSkiribas starp dazada vecuma audzém ir lidzigas ka meza
zemés. Vidgjais saknu blivums starp dazada vecuma audzé€m vienas frakcijas ietvaros
statistiski biitiski neatSkiras (vienfaktora dispersijas analize, p > 0,05), bet starp dazadam
frakcijam un dazados vecumos ar 95% ticamibu atSkiras statistiski butiski (dispersijas
analize, p < 0,05). Vidgjais saknu blivams LNZ ir robezas no 392 +97 kg m™ 38 gadus
veca audze lidz 425 +14 kg m™® 12 gadus veca audze. Vidgji LNZ celma frakcijai ir
visblivaka koksne, attiecigi 450 +61 kg m™. Vidgjais balstsaknu koksnes blivums ir
358 +54 kg m”, bet siko saknu blivums 331 +50 kg m™.

Salidzinot saknu blivumu starp meZza zemém un LNZ, nav vérojama statistiski
butiskas atSkiribas, bet LNZ saknu koksne ir blivaka, vidgji 379 +55 kg m, bet meza
zem@s 332 £14 kg m>.

3.10. Parastas priedes dazadu saknu frakciju biomasas parréekina
koeficientu noteikSana

Biomasas parrékina koeficienti ir attiecigas paraugkoka frakcijas biomasas un
stumbra tilpuma attiecibas. Promocijas darba ietvaros biomasas parrékina koeficienti
noteikti celmam, balstsakném un sikam sakném (C, Cp, Cs,), ka ar Y ¢; (3.1. tabula).
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3.1. tabula / Table 3.1.
Vidéjie biomasas parrékina koeficienti Pinus sylvestris audzes
Average biomass transition ratios in Pinus sylvestris stands

Zemes izmantoSanas veids / Land use Koeficienti / Ratios
Ce Ch Cs D Ci
Meza zeme/ Forest land 0.31386 0.12316 | 0.28231 | 0.68209
LNZ 0.141658 0.120529 | 0.05829 | 0.32048

Biomasas frakciju parrékinu koeficientu summa > ¢; un paraugkoku caurmeérs 1,3 m
augstuma parastas priedes audzes ir savstarp&ji neatkarigas pazimes (tas attiecas aril uz
atseviskiem koeficientiem), ko raksturo determinacijas koeficients R* = 0,12. Tas nozimg,
ka audZu un to kopu nestumbra biomasas aprékinasanai var lietot parrékinu koeficientu
aritmétiskas videjas vertibas, kas bitiski vienkarSo biomasas vértéSanu, jo kopgjas
biomasas vai tas atsevisku frakciju noteikSanai jazina tikai audzes vai kopu kraja.

Ka redzams 3.11. attéla empirisko punktu izkliede ir relativi plasa.
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3.11. att. Sakariba starp parastas priedes biomasas parrékinu koeficientu summu ) ¢;
un paraugkoku caurmeéru 1,3 m augstuma.
Fig. 3.11. The connection of Scots pine biomass ratio sum Y ¢; and the sample tree
DBH, 3.

Plasa empirisko punktu izkliede izskaidrojama ar paraugkoku paraugkopai piemitoso
dendrometrisko, fitocenotisko un edafisko daudzveidibu, kas izraudzita apzinati, lai pec
iesp&jas pilnvertigak butu parstavetas parastas priedes audzes.
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3.11. Oglekla saturs parastas priedes saknu biomasa

Peétijuma ietvaros starp skujkokiem un mikstajiem lapu kokiem vidgais C saturs
saknu biomasa atskiras ~ 3% robeZzas. Skujkokiem vid&jais C saturs saknu biomasa meza
zemg@s ir 52,1 +0,1%, bet skujkokiem lauksaimnieciba neizmantoto zemju apmezojumos
50,3 +0,1%, lapu kokiem 49,3 +0,1%. Vidgjais oglekla saturs saknu biomasa statistiski
butiski atSkiras starp skujkokiem un lapu kokiem, ka ari starp meza zemém un LNZ,
dazadam saknu frakcijam (3.12. att.), audzu vecumiem, un koku sugam (daudzfaktoru
dispersijas analize, p < 0,05). Skujkokos verojams biitiski lielaks C saturs saknu koksnes
frakcijas neka lapu kokiem. Tapat redzams, ka meza zemés vid€jais C saturs skujkoku
saknu koksné ir lielaks neka paraugkokiem lauksaimnieciba neizmantoto zemju
apmezojumos.

Lapu koku saknu frakciju koksné ir mazaks C saturs ka skujkoku koksne
lauksaimnieciba neizmantoto zemju apmezojumos (daudzfaktoru dispersijas analize,
p < 0,05). Savukart, salidzinot C saturu skujkoku saknu frakcijas starp meza zemém un
lauksaimniecibas zemém, redzams, ka meza zemés tas ir butiski lielaks (vienfaktora
dispersijas analize, p < 0,05). Meza zemgs atlasitajiem paraugkokiem, samazinoties saknu
frakciju caurméram, samazinas ari C saturs, attiecigi balstsaknés 51,1 +0,3% un sikajas
saknés 50,1 +1,2%. Pretgja situacija ir veérojama lauksaimnieciba neizmantoto zemju
apmezojumos, kur redzams, ka sikajas sakn@s ir lielakais C saturs gan lapu kokiem (vidgji
49,5 £0,4%), gan skujkokiem (vidgji 51,2 +0,5).
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3.12. att. Oglekla satura salidzinajums skujkoku un lapu koku dazadas saknu

frakcijas lauksaimnieciba neizmantoto zemju un meZa zemju apmeZojumos.
Robezkluida £95% noradita kludu stabina.

Fig. 3.12. Comparison of carbon content in different root fractions of conifers and

deciduous trees in afforested agriculture land and forest land.
Confidence interval £95% indicated in the error column.
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Oglekla saturs saknu frakcijas veido pozitivu vid€ji cieSu korelaciju ar audzes
vecumu, ko raksturo Pirsona korelacijas koeficients r = 0,62 (t = 5,831 > t,,, = 1,999;
a = 0,05). Attiecigi vecakas audzg€s ir veérojams lielaks C saturs saknu koksné. Oglekla
saturs atrodas liela amplitida viena vecuma audz€s, tam nav saistiba ar paraugkoka
dimensijam, jo starp paraugkoka caurméru un vid€jo oglekla saturu saknu koksné
konstatéta vaja korelacija, r = 0,38 (t = 3,256 > t,, = 1,999). Tapéc C saturam saknu
koksng ir vérojama dabiska variacija.

Petijuma ietvaros atlasitajas parastas priedes jaunaudz€s vid€ji saknu biomasa ir
27,1+23 t SM ha™, kas ir liela potenciala mezu resursu saimnieciskas izmantoSanas
rezerve un uzkratad oglekla kratuve. Rezultati parada, ka vid€ji parastas priedes saknu
biomasa pétijuma ietvaros atlasitajas kokaudzes piesaistitais CO, ir 48,7 +4,3 t ha™ meza
zemju apmezojumos (8, 12, 13, 14, 24 un 45 gadi) un 35,6 £11,5 t ha lauksaimnieciba
neizmantoto zemju apmezojumos (12, 14 un 38 gadi). Salidzinot CO; piesaisti parastas
priedes saknu biomasa 12 gadus vecas audzés LNZ un meza zemes, redzams, ka LNZ
piesaistas vairak CO,, attiecigi 17,9 £9,6 t hat un 15,0 £3,5 t ha™' meZa zemés. Savukart
14 gadus veca parastas priedes audzé LNZ CO, ir 36,3 +8,1 t ha™ un meZa zemds
13,3+0,7 tha™,

Latvija CO, aprékini SEG inventarizacijas konteksta veikti, izmantojot formulu, kura
ir ieklauta kraja vai krajas pieaugums un aprékinu koeficienti, kuri ir nemti no SEG
inventarizacijas parskatu sagatavosanas vadlinijam (Penman, 2003). Viens no aprékinu
koeficientiem formula ir parrékinam no virszemes uz pazemes biomasu, un skujkoku
audzes, kurds virszemes biomasa ir no 50 — 150 t ha™, tas ir 0,32. Promocijas darba
letvaros ir aprékinats koeficients parrékinam no virszemes uz saknu biomasu parastas
priedes jaunaudz€s, kuras virszemes biomasa ir no 50 — 150 t ha, un ta vértiba ir 0,28.
Tapéc petijuma rezultatu ietvaros ir iegiita atzina, ka pazemes biomasa tiek parvertéta, kas
rada neprecizitates CO, aprékinasana SEG inventarizacijas konteksta.

3.12. Saknu biomasas aprékina vienadojuma analize parastas priedes saknu
biomasas frakcijam

P&tijuma ietvaros, izstradajot kop€jo saknu biomasas vienadojumu, parbauditi vairaki
modeli, un visprecizakais bija linearas regresijas modelis (3.1), kura ir ieklauta viena
faktoriala pazimé (D’H).

m=a+b-(D?H), (3.1)
kur:
m—  kop¢ja saknu biomasa, kg;
D’H — koka caurméra 1,3 m augstuma kvadrata (m) un augstuma reizinajums (m);
a, b — empiriskie koeficienti.

Regresijas analizes rezultata iegiist informaciju, ar kuru izskaidro un apraksta
jaunizveidoto modeli. Veicot dazadu mainigo analizi, regresijas modeli tika ieklauta
mainigd pazime D’H un rezultativa pazime kop&ja saknu biomasa. Korelacijas koeficients
ir 0,98 meza zemes un 0,94 LNZ (Pirsona korelacija), kas norada uz cieSu linearu sakaribu
starp rezultativo un faktorialo pazimi. Determinacijas koeficienti abos gadijumos ir augsti,
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attiecigi R” = 0,96 un 0,89. Tadgjadi ar 96% un 89% no kopgjas saknu biomasas variacijas

var izskaidrot ar izveidoto linearas regresijas modeli.

Saknu biomasas aprékina regresijas vienadojumi ir sekojosi:

e kopgja paraugkoku saknu biomasa meza zemés (koka caurméra intervals 1,3 m
augstuma robezas no 1,5 lidz 26,5 cm)

m = 1,270 + 107,920 - D?H. (3.2)

e kopgja paraugkoku saknu biomasa LNZ apmeZojumos (koka caurmeéra intervals 1,3 m
augstuma robezas no 3,7 lidz 19,8 cm)

m = ) + ) * ) .
8,325 + 70,689 - D?H (3.3)

kur:
m—  dabiski mitra masa, kg;
D?H — koka caurméra 1,3 m augstuma kvadrata (m) un augstuma (m) reizinajums m°.

Dazadu saknu frakciju biomasas regresijas vienadojuma koeficientu vertibas
noraditas tabula 3.2.

3.2. tabula/ Table 3.2.

Dazadu saknu frakciju biomasas regresijas vienadojuma koeficientu vertibas
Values of different root fraction biomass regression equation ratios

Zemes Frakcijas Koeficienta | Aprekinatais | Koeficienta
izmantoSanas nosaukums / apziméjums / | koeficients/ | standartkluda | p — vértiba
veids / Name of Symbol for Calculated / Standard / p— value
Land use fraction ratio ratio error of ratio
sikas saknes / a 0.969 0.399 0.020
small roots b 14.724 1.226 0.000
Meza zeme / balstsaknes / a 0.227 0.120 0.079
Forest land coarse roots b 56.895 1.641 0.000
celms/ a 0.978 0.383 0.014
stump b 36.062 1.176 0.000
sikas saknes / a 2.018 0.559 0.002
small roots b 6.652 1.284 0.000
LNZ balstsaknes / a 2.021 1.366 0.157
coarse roots b 40.328 3.138 0.000
celms/ a 4.488 1.128 0.001
stump b 23.039 2.591 0.000

Regresijas brivais loceklis (konstante a) ir statistiski biitisks (p < 0,05), bet meza
zemées balstsakném un LNZ balstsakném nevar noraidit nulles hipotézi, ka koeficients ir
vienads ar nulli (p = 0,079 un p =0,157). Tapat ka kopg€ja saknu biomasas aprékina modeli
koeficientu brivo locekli a nav v€lams izslégt no modela, jo tas var ietekmét taisnes
virziena koeficienta b vertibu.
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4. Secinajumi

1. Promocijas darba izstradats parastas priedes saknu biomasas aprékina vienadojums
dazadam saknu frakcijam (balstsaknes, sikas saknes un celms) dazada vecuma kokiem
meza zem& un lauksaimnieciba neizmantoto zemju apmezojumos. Saknu frakciju
biomasu izskaidro linedras regresijas modelis ar vienu saliktu faktorialo pazimi (D°H),
kas netiesi izsaka arT audzes vecuma ietekmi. Modela piemérotibu katrai frakcijai maina
ta koeficientu skaitliskas veértibas. Modela determinacijas koeficients meza zemg&s ir
R? = 0,96, bet lauksaimnieciba neizmantoto Zemju apmezZojumos — R% =0,89. Modelis ir
statistiski biitisks pie 95% ticamibas [imena visos iepriekSmin&tos variantos.

2. Darba aprékinati saknu biomasas parrékina koeficienti, kuru pamata ir attiecigas saknu
frakcijas biomasa un koka stumbra tilpuma attieciba. Noskaidrots, ka parastas priedes
saknu biomasas frakciju parrékina koeficientu vertibas un to summas nav atkarigas no
koku caurméra 1,3 m augstuma, un tas pielauj koku saknu frakciju biomasas
aprékinasanai lietot vienadas parrékina koeficientu aritmétiskas vidgjas vertibas visai
kokaudzei.

3. Konstatets, ka meza zem&s nepastav statistiski biitiskas atSkiribas starp koku kop&jo
saknu biomasu vienada vecuma dabiski apmeZzojusas platibas un staditas platibas, tacu
staditas platibas ir tendence veidoties lielakai saknu biomasai. Savukart lauksaimnieciba
neizmantoto zemju apmezojumos vienada vecuma kokiem veidojas butiski lielaka
saknu biomasa neka kokiem meza zemes.

4. Meza zemé@s un lauksaimnieciba neizmantoto zemju apmezojumos parastas priedes
jaunaudzes lielako saknu frakciju veido balstsaknes (51% no kopgjas saknu biomasas),
tai seko celma frakcija (30%), sikas saknes (13%) un uzsticosas saknes (6%). Atsevisku
frakciju biomasu izsaka pakapes regresija ar koku caurméru 1,3 m augstuma ka
argumentu. Promocijas pétjjuma iegiitas sausas biomasas vertibas parastas priedes
jaunaudzes lauksaimnieciba neizmantoto zemju apmezojumos svarstas no 9,9 =+
+5,3t SM ha™ (12 gadus veca audze) lidz 20,1 +4,5 t SM ha™ (14 gadus veca audze),
savukart meza zemées no 10,8 +0,4 t SM ha™ (8 gadus veca audze) lidz 60,5 £1,7 t SM
ha™ (24 gadus veca audze).

5. Meza zemg&s uzsiicoso saknu morfometriskie parametri (caurmers, virsmas laukums un
garums) ir lielaki staditas platibas neka dabiski atjaunojusas platibas. Lauksaimnieciba
neizmantoto zemju apmezojumos morfometriskie parametri ir lielaki neka meza zemgs.

6. Meza zemes kopéja uzsiicoSo saknu biomasa ir liclaka dabiski atjaunojusajas platibas
neka staditas platibas. Savukart lauksaimnieciba neizmantotas zemes uzsiicoso saknu
biomasa ir mazaka neka meza zemges.

7. Meza zemés balstsaknu un siko saknu garums ir lielaks neka lauksaimnieciba
neizmantotajas zemes. Meza zemg&s balstsaknu un siko saknu garums ir lielaks dabiski
atjaunojusajas audzes neka staditas audzes.

8. Vidgjais oglekla saturs saknu biomasa statistiski biitiski atSkiras starp skujkokiem un
lapu kokiem, ka ari starp meZa zemém un lauksaimnieciba neizmantotajam zeméem,
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dazadam saknu frakcijam, audzu vecumiem un koku sugam. Parastas priedes vidgjais C
saturs saknu biomasa meza zemés ir 52,1 +0,1%, bet lauksaimnieciba neizmantoto
zemju apmezojumos 50,3 +0,1%. Pe€tjjuma ietvaros vidg€ji parastas priedes saknu
biomasa meza zemju apmezojumos 8 gadus veca kokaudz€ piesaistitais CO, ir
19,8 £0,7 t ha'l, 12 gadus veca 32,5 +1,7 t ha'l, 13 gadus veca 31,9 £7,0 t ha*, 14 gadus
vecd 28,8 +1,9 t ha™, 24 gadus veca 111,5+3,1 t ha™ un 45 gadus veca 70,8 +12,2 t ha™.
Savukart parastas priedes saknu biomasa lauksaimnieciba neizmantoto zemju
apmezojumos 12 gadus veca audzg piesaistitais CO, ir 18,1 9,6 t ha™ un 14 gadus veca
audzé 53,6 +16,5 t ha™. Aprekinats koeficients parrékinam no virszemes uz saknu
biomasu, un ta vértiba ir 0,28, iegilita atzina, ka pazemes biomasa tiek parverteta CO,
aprékinasana SEG inventarizacijas konteksta.

. Apstiprinas hipotéze, ka saknu frakcijas biomasu ar augstu ticamibu var aprékinat ka
funkciju no viegli uzméramiem koku parametriem — koka caurmeérs 1,3 m augstuma un
augstums.
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1. General description of the paper
1.1. Topicality

The sustainability of an ecosystem as a complex of specific plants, animals and
microorganisms mainly depends on the impact of the environment (climate, soil) and
human activities. One of the main effects human commercial activities have on the
environment is the increase of air pollution that introduces corrections to the development
conditions of plants. At the moment the scientists are focusing on several problems the
most important of which is the raise in the amount of carbon dioxide (CO;) in the
atmosphere that causes global warming.

An increased amount of carbon dioxide in the atmosphere (greenhouse effect) causes
alterations in the plant growth therefore the amount of dead plants and forest litter
increases. There has been a lot of research regarding the climate changes, including the
research on carbon (C) accumulation in tree biomass. It has to be pointed out that scientists
do not agree on the issue of causes of the greenhouse effects. However, the greater the
amount of greenhouse effect causing gas gets in the atmosphere, the warmer the climate is
going to get on the Earth.

In order to partially decrease the negative effects of human activities, the
governments all over the world, by considering the conclusions made by scientists, have
developed chain of resolutions that will help to decrease the negative effect on climate
change, environment, including forest ecosystems. Several European Union laws have
been passed regarding climate changes, and Latvia is engaged in observing them as well.
One of these is European Parliament and Council of Europe Directive 2003/87/EK of 13
October 2003, regulating the development of greenhouse gas emission (GHG) quota trade
system in the European Community. The directive was developed in order to help the EU
member states to meet their international engagements regarding the decrease of emissions
in the most economically beneficial manner, as well as to ensure that the common
European Union engagements are met.

In accordance with the Forest statistical inventory data forests in Latvia make up
3290288 ha or 50.9% of the total territory of the country including the stands with
dominating species being pine 1009170.5 ha or 35% of the total forest stand area.
Accordingly the Scots pine young stands make up 15% of the total forest area of Latvia
and they are a significant storage of carbon. After Latvia regained its independence and
experienced changes in agrarian policy large areas of agricultural land are abandoned and
as of this day more than 310 000 ha of these lands have been artificially or naturally
afforested. At this moment most of the young stands have reached the age of 10 — 15 years
and a significant carbon accumulation in the produced wood has commenced.

In the forest the accumulation of carbon dioxide occurs during the process of
photosynthesis. By measuring the average moisture of the wood, above-ground and below-
ground biomass value ratios, it is possible to calculate the amount of carbon being
accumulated in the forest stands. At the moment there is little data in Latvia about the
turnover and accumulation of carbon, especially in the forest stand root biomass and
naturally afforested or artificially created forest stands on abandoned agricultural land.
That is why the research in this field allows acquiring wider knowledge on carbon change
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turnover cycle, at the same time acquiring data on carbon accumulation in the stands of
different age.

For centuries there has been a demand for stem fraction valuation in volumetric units.
That is why in forest inventory several simple and accurate methods for establishing
individual tree stem volume and tree group growing stock. By knowing the wood density
values it is possible to recalculate the volume estimation in the units of mass. However
there is a problem with establishing non-stem fraction biomass, where this methodical
indication is not suited for calculation of volume of these fractions, due to different
difficulties and reasons.

In Latvia as a result of different circumstances agricultural lands afforest naturally or
they are afforested, creating forest stands with different tree species. In the forest land and
agricultural land pine, both, sowed its seeds naturally and is renewed by planting, and it is
important to answer the question — how much carbon is accumulated in pine root biomass,
especially during the recent years, when there was a significant growth in forest renewal
and afforested activities.

1.2. Aim of the research

The scientific aim of this research is the study of root biomass and carbon
accumulation in the young stands of Scots pine (Pinus sylvestris L.).

1.3. Research tasks

The research tasks of the doctoral thesis are:
1. The study of root biomass and morphometric parameters of Scots pine young stands in
forest land and in afforested former agricultural land;
2. The comparison of carbon accumulation in Scots pine young stand root biomass under
the influence of different environmental factors;
3. The development of equations and recalculation ratios for the calculation of different
root biomass fractions in Scots pine young stands.

1.4. Proposed hypothesis

The following hypothesis has been proposed in the present doctoral thesis: the
correlation between the components of tree biomass is biologically determined, and the
biomass can be calculated as a function using the tree parameters that are easily measured.

1.5. Scientific novelty

In both the forest land and in agricultural land the pine sowed naturally and it is also
renewed by planting, that is why, in order to answer the question how much carbon is
accumulated in pine root biomass, it is important to analyse the root biomass and carbon
accumulation of Scots pine in different environmental conditions.

At the moment there is little data in Latvia regarding the turnover and accumulation
of carbon, especially in the forest stand root biomass and naturally afforested or artificially
created forest stands on abandoned agricultural land. That is why the research in this field
allows acquiring wider knowledge on carbon change turnover cycle, at the same time

35



acquiring data on carbon accumulation in stands of different age. For centuries there has
been a demand for stem fraction valuation in volumetric units. That is why in forest
inventory several simple and accurate methods for establishing individual tree stem
volume and tree group growing stock have been developed. By knowing the wood density
values it is possible to recalculate the volume estimation in units of mass. However, there
is a problem with establishing non-stem fraction biomass, where this methodical indication
is not suited for calculation of biomass of these fractions. In Latvia at the moment a lack of
data regarding root biomass in different fractions in forest land and agricultural land
forests.

1.6. Practical novelty

In compliance with international obligations (ratified by the Saeima of the Republic
of Latvia in 2002), Latvia has to submit FAO (The Food and Agriculture Organization of
the United Nations) a report on the implementation of Kyoto Protocol. The report data are
the basis for the allocation of GHG quotas among the states. Each state is financially
interested in reducing the amount of GHG that can be achieved by increasing the volume
of C attracted by the country area, mainly by afforesting the abandoned agricultural land
and by stimulating the productivity of forest. In one or the other case most of carbon
accumulation is performed by the biomass of the tree plant roots. By developing the
options for its determination, the respective methods will be offered for drawing up a
precise National report.

1.7. Structure and volume of doctoral thesis

In the first chapter of this doctoral thesis the conclusions of the previous research on
Scots pine root biomass, factors affecting root development, as well as carbon
accumulation in root biomass have been summarized. A detailed analysis of literature on
tree-plant biomass functional classification, root biomass development and the factors
affecting it, biomass in different environmental conditions, carbon turnover cycle in forest
stands and carbon accumulation in root biomass in different environmental conditions,
establishment of root biomass transition ratio has been performed, and information
regarding the present root biomass calculation equations has been summarized.

In the second chapter the research material and methods have been described.

In the third chapter the results of the research and their analysis have been described,
and the results have been interpreted. For better presentation of results there are
subsections and paragraphs in the section. In subsection 3.1 the evaluation of
morphometric parameters for different root fractions in stands with different
environmental conditions is given. Whereas, in paragraphs 3.1.1. analysis of fine roots
morphometric parameters has been performed, but in 3.1.2 for small roots and coarse roots
in forest lands. In subsection 3.2. an evaluation of Scots pine root biomass in different
forest environmental conditions has been performed. The subsection consists of four
paragraphs including the analysis of root biomass for different fractions in forest lands.
Accordingly, in paragraph 3.2.1 fine root biomass, in 3.2.2 small root biomass, in 3.2.3
coarse root biomass, 3.2.4. stump biomass and in paragraph 3.2.5. total root biomass in
forest lands have been analysed. In subsection 3.3 morphometric parameters of different
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root fractions of Scots pine in afforested abandoned agricultural land have been analysed.
Paragraph 3.3.1 includes evaluation of morphometric parameters of fine roots, but in
paragraph 3.3.2 morphometric parameter evaluation of small roots and coarse roots in
afforested abandoned agricultural land. Subsection 3.4. includes evaluation of Scots pine
root biomass in different forest environmental conditions on afforested abandoned
agricultural land. In paragraph 3.4.1 the evaluation of fine root biomass on afforested
abandoned agricultural land, in 3.4.2 of small root biomass, in 3.4.3 of coarse root
biomass, in 3.4.4. evaluation of stump biomass and in paragraph 3.4.5. evaluation of total
root biomass have been performed. Subsection 3.5 describes the evaluation of the changes
in humidity of Scots pine root fractions under the influence of different growing
conditions, whereas subsection 3.6. - evaluation of changes of Scots pine root density in
different growing conditions. In subsection the transition ratios of different Scots pine root
biomass fractions on forest land and abandoned agricultural land have been established
and evaluated. Whereas in subsection 3.8. carbon content in different Scots pine fractions
has been analysed, as well as the carbon content between different root biomass fractions
of conifers and deciduous trees has been compared. Accordingly in subsection 3.9 the
analyses of root biomass calculation equation for different fractions of Scots pine root
biomass has been performed.

The volume of this doctoral thesis makes 130 pages, the information is summarized
in 24 tables, 85 figures and 3 appendices, and 145 sources of literature have been used.

2. Material and methods

In accordance with the aim and the tasks of this work within the framework of this
research Scots pine young stands of different density, age and type of management and
soil category (forest lands and abandoned agricultural lands) were chosen. For the
comparison of data and description of the situation in Scots pine stands, which are beyond
the age of young stands, as well as stands of other species with different ages were
selected. In study elected Scots pine stands on forest land which afforested naturally
(DAA) and planted afforested (SA) and planted afforested former agricultural land (LNZ).

In order to describe the development of root biomass and the amount of accumulated
carbon, within the framework of this research the stands were chosen in such a way that
they would reflect the widest forest plantation and management possibilities. The stands
were planted in different periods of time, therefore different forest renewal types were
used in practise (Table 2.1.).

In accordance with the aim and the tasks of this research in order to establish the
amount of root biomass and accumulated carbon, 22 sample fields were set up - one
sample field in each stand, the centre of which is located in the spot most characteristic of
this stand (excluding terrain elevations, micro-gullies and the edge-effect).

In order to establish the amount of root biomass and to carry out the analysis the
selection of sample trees was carried out by considering the tree stem diameter, at the
height of 1.3 m (DBH,3), and the average height (H), including the average parameters of
the stand where possible. In the selection of sample trees a ratio of 1:3:1 was used (one
tree in the minimal, three — in the average and one — in the maximal degree of diameter) or
1:1:1 (one tree in the minimal, one — in the average and one — in the maximal degree of
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diameter). For data comparison in each stand soil description according to classification of
Latvia have been done.

The sampled population in the empirical material consisted of 116 selected sample
trees: Pinus contorta Douglas ex Loudon var. latifolia Engelm., Betula pendula Roth,
Pinus strobus L., Populus tremuloides Michx. x Populus tremula L., Alnus incana (L.)
Moench, including 63 Pinus sylvestris L. sample trees.

Within the framework of this research the root system of the selected sample trees for
the calculation and analysis of root biomass was divided in 4 fractions: coarse roots —
@ >20 mm; small roots — @ 2 — 20 mm; fine roots — @ < 2 mm (Finer et al., 2011); stump
(Liepa un Blija, 2008).

The root biomass of stump, coarse roots and small roots of the sample trees was
established for 116 sample trees, by excavating the root system (Fig. 2.1.), separating soil
particles from the roots, washing with a pressurized water jet and weighting with an
accuracy of £0.02 kg.

The fine root biomass of the trees was calculated after establishing the root biomass
in the previously constructed sample-fields. Root samples were collected with a specific
Ejkelkamp soil drill (100 cm?® cylinder). For establishment of fine root biomass in each
sample-field, using a randomization principle, soil samples were collected in 20 repetitions
— in depths of 0 — 10, 10 — 20, 20 — 30, 30 — 40, 40 — 50 and 50 — 60 cm. The collected fine
roots samples were rinsed in strainers in laboratory separating soil particles from the fine
roots. The fine roots were carefully separated from the small roots (@ > 2 mm) and the
roots of other plants and trees, and weighted on analytical scales with accuracy of
0.0001 g.

The fine root samples for the analysis of morphometric parameters were scanned
using computer software Win RHIZO 2002 C (Regent instrument®) and calibrated scanner
STD-1600. As a result of that data about root length, root surface area and diameter of fine
roots were obtained.

In order to establish the specific weight of dry biomass the root fraction samples with
an appropriate bark section were selected for analysis and dried in a temperature of 105°C
until a constant mass was obtained (DM). The absolute humidity of the wood was
calculated using the equation (2.1).

A-B

M ==—2=-100%, (2.1)

where:

M — absolute humidity of wood, %;
A — fresh wood, g;

B — absolutely dry wood, g;

The amount of the accumulated C was established for three root biomass fractions:
coarse roots; small roots; stump. The samples for establishing the content of C were
collected with a randomization principle, including the widest possible stump, coarse root
and small root diameter interval. The carbon content in the root wood-pulp fractions was
established for the samples with a bark. To establish the total C content a carbon element-
analyser LECO CR-12 was used, which is constructed on the basis of burning cameras
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(measuring and reference cameras). The method is based on carbon dioxide detection with
infrared radiation.

For the calculation of dendro-metric parameters the measured sample-field data have
been used.

Number of trees ha™:

N
__P
N=— | (2.2)
where:
N ,— number of trees in a sample-field having area of 100 m? or 500 m?;
s— area of sample fields, ha.
The basal area of stand average tree, m?*:
29
]
9v = | (2.3)
where:
gj— J —the basal area of respective tree, m?;
N — number of trees.
Diameter of stand average tree, cm:
= [ 9v
WEVEL (2.4)
where:
gy — the basal area of stand average tree, m>.
The basal area of stand, m?:
where:
gv — the basal area of stand average tree, m?;
N — number of trees, pcs. ha™.
Volume of tree stem, together with bark m?;
V =y L% DALILFe (2.6)
where
L-— stem length, m;
D - stem diameter, together with bark, cm;

w, a, B, o —  empirically established ratios (Table 2.2.).
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Growing stock of the tree species, m® ha™:
Vg =V - N (2.7)

where:
V — average tree stem volume, together with bark, m*;
N — number of trees ha™.

In order to determine the density in root dimensions the method determining the
specific weight and volume of root wood pulp and bark was used. The volume is
determined by placing the specific root fraction in a volume-determination container filled
with water. The root volume is equivalent to the amount of the extracted water. The root
density is calculated by using the mutual ratio of the volume of the extracted water and
that of naturally humid root fraction biomass.

_m 28
where:

p— density, kgm™;

V — volume of naturally humid sample, m™;

m — mass of naturally humid sample, kg.

Normally the root fraction biomass is calculated using the biomass transition ratios

determined in the research with sample trees c;:
mi
Cj =—
m

(2.9)

where:

c;— biomass recalculation ratio;

m;— biomass of the respective part of tree, t;

m — volume of the tree stem, t m®(Liepa, 2005).

When the biomass recalculation ratio is multiplied by stem volume or the growing
stock of forest stand, the freshly cut biomass of the respective tree part is obtained.

m¢ = M-¢j (2.10)

where:

m; — biomass of the respective tree or part of stand fractions, t;
M — volume of tree stem or stands growing stock, m?;

ci — recalculation ratio of respective biomass fraction.

For the empirical data groups statistical indicator calculation was carried out,
descriptive statistics methods were used. As in several groups under research the empirical
material values differed from the regular division, for their comparison Mann-Witney U
test and Kruskal-Wallis test un-parametric methods were used, which is an alternative to
the t-test and for a single-factor dispersion analysis and can be used regardless of the data
division type. The marginal error of the mean value of the sample groups was calculated,
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in which the Student division standardized deviation was included, the value of which
depends on the number of freedom degrees and the accepted materiality level. For the data
processing a single-factor dispersion analysis was used, but in separate cases also a
double-factor dispersion analysis. Using the dispersion analysis the factorial effect of age,
species, renewal type as well soil utilization on resulting feature was analysed. The
regression analysis was applied in order to state the regularity of changing the resulting
feature if the values of factorial feature change. The regression analysis was applied
mainly in order to find coherence between dendro-metric parameters and the volume of
root biomass in different fractions and the correlation between different biomass fractions.
Correlation analysis was applied in order to find out the connections, conformity and
tightness of different features and applied methods.

3. Results and discussion
3.1. Morphometric evaluation of Scots pine fine roots

Within the framework of the research the analysis of Scots pine young stands of
different age shows that in the depth of 0 — 10 cm fine roots are longer in young stands.
The length of fine roots in different depths of soil is different. Statistically significant
differences of fine root length can be observed in stands of different age (dispersion
analysis, p < 0.05).

In younger stands of LNZ the fine roots are significantly longer (dispersion analysis,
p < 0.05) and it can be explained by the fact that the tree requires nutrients in its early
development stage. In forest land the connection is not as significant as it is in afforested
agricultural land. It means that in fertile agricultural stands the trees have longer fine roots
and thus they have bigger fine surface area.

The diameter of fine roots is one of the morphometric parameters describing the tree
vitality. In forest lands the fine root diameter is statistically significantly different in
different depths for Scots pine stands of different age (dispersion analysis, p < 0.05). The
diameter of fine roots is larger in younger stands in the depth of 0 — 10 cm, and in this
depth there are significant differences compared to older stands (dispersion analysis,
p <0.05). The analysis of results shows that for Scots pine fine root diameter the
determinative factors do not include the age of the stand, nor the vertical placement.

In LNZ the roots with larger diameter are located in the top layers of soil, in the depth
of 0 — 10 cm the average diameter is 0.9 £0.1 mm, in 10 — 20 cm depth 0.8 £0.1 mm.
Whereas the diameter of these roots significantly decreases as the depth increases and in
the depth of 40 — 50 cm the average diameter is 0.4 £0.1 mm, but in 50 — 60 cm depth it is
0.4 £0.1 mm. In afforested abandoned agricultural land the average diameter of fine roots
in the depth of 0 — 60 cm is larger than it is in the forest land. In the soils rich in mineral
nutrients the roots tend to have a larger diameter.

By analysing the root surface area of Scots pine stands of different age in forest land
and LNZ land it can be observed that the greatest part of active area of roots is located in
the top layers of soil, thus ensuring a complete growth dynamics for the tree, by fine the
rain water and the nutrients washed trough the top layers of soil. Younger stands have a
larger horizontal spread of fine roots in soil layer at the depth of 0 — 20 cm. In older stands
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the root placement is different in the whole soil layer in 0 — 60 cm depth. The
differentiation of root surface area in different depth for older stands can be attested to the
lack of water and nutrients in the top layers.

The results mark out that the surface area is larger in afforested abandoned
agricultural land compared to the forest land plantations.

3.2. Morphometric evaluation of Scots pine small roots and coarse roots
in forest land

The distribution of roots goes outside the projection area of the crown. This
tendency is really typical in DAA (naturally afforested stand), as well is in SA (planted
afforested stand). After comparing DAA and SA it is seen that SA have significantly
longer root dimensions than DAA (Kruskal-Wallis test, p < 0.05). On average in SA the
small roots are twice as long as they are in DAA.

The average root projection length statistically significantly differs in stands of
different age (Kruskal-Wallis test, p > 0.05), and large dimensional (length) changes can
be observed. As the stand gets older the roots get longer. According to the analysis of the
average root projections in Scots pine stands, the total coarse root and small root length do
not statistically significantly differ between the placements in different cardinal points
(Kruskal-Wallis test, p > 0.05). On average tree roots tend to reach the furthest towards
North, accordingly 2.7 +0.8 m, and they are the shortest towards North-East 1.8 +0,6m.

In figure 3.1. the dispersion of the acquired points around the coherency line
describes the correlation tightness. The dispersion of the length points of small roots in SA
as well as in DAA around the coherency line are located in a large amplitude and the
correlation ratio values are weak, accordingly in SA r = 0.17 (t = 1.345 < t,, =
=2.306; 0. =0.05) and in DAA r = 0.43 (t = 7.656 > t,, =2.034; a = 0,05) . As the DBH; 3
(diameter of breast height) or H (height of the tree) increases the length of small roots does
not increase. The development of the small roots length is uneven, and by considering the
data analysis, is hard to predict.

Taproot develops in different age, growing conditions and for different species.
Within the framework of this research with 95% credibility the difference of taproot length
is statistically significant between the stands of different age (Kruskal-Wallis test,
p <0.05). In younger Scots pine stands the taproot is poorly developed, but as the stand
gets older and mature, the taproot gradually becomes stronger. In middle-aged Scots pine
stands the trees have a strong taproot, correspondingly in a 45 year old stand the average
length of taproot is 1.12 m.

3.3. Morphometric evaluation of Scots pine small roots and coarse roots in afforested
abandoned agricultural land

Morphometric parameters of coarse roots and small roots in LNZ depend on the age
of stand. It is seen that coarse roots grow longer as the stand gets older (Fig. 3.2.).

In LNZ small roots are significantly longer than coarse roots and on average make up
80% of the total length of medium and coarse roots. At the same time the coarse roots
make up 20% of the total length of coarse roots and small roots. The length of medium
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small roots in Scots pine stands make up 4.1 0.8 km ha™, but the length of coarse roots is
1.6 +0.2 km ha™.

Similar as it was for sample trees in forest land, in abandoned agricultural land the
root projections reach outside the tree crown projection area many times. Therefore the
conclusion obtained within the framework of this research states that the roots in
afforested agricultural land spread out not only within the crown projection area, but
outside it as well.

3.4. Scots pine fine root biomass evaluation in different environmental conditions

In forest land the vertical occurrence of fine root biomass is greater in the top layers
of soil (0 — 30 cm depth) and decreases in the depth. The volume of fine root biomass
depends on the depth of soil, and there are significant differences between different layers
of soil (t test, p < 0.05). There is even a close linear negative connection between fine root
biomass and the depth of soil.

When analysing the distribution of fine roots in relation to the soil preparation type,
there are no significant differences (t test, p = 0.97) between prepared and unprepared soil.
The age of the stand is not the determinant of fine roots biomass volume, as the
differences between the average biomass volume and the age of the stand in each layer of
soil are not significant. When comparing the average volume of absolutely dry fine roots
between young stands in 0 — 60 cm depth, that have naturally renewed and have been
artificially renewed, no significant differences can be observed (t — test, p =
= 0.92). In SA stand layer at 0 — 60 cm there is on average 5.2 +2.4 t absolutely dry ha™
but in DAA it is 5.4 £2.5 t absolutely dry ha™ fine roots. Comparing fine root biomass in
different depth of soil there are significant differences between both types of management
in 0 — 10 cm depth (t — test, p = 0.001), where the volume of biomass is greater in SA than
DAA, accordingly 3,0 +1,4 t absolutely dry ha™ un 2,5 +1,1 t absolutely dry ha™.

In forest land there is a mutual independence between dendro-metric parameters
(DBH_3) and fine root biomass (Fig. 3.3.). There is a similar tendency in LNZ.

The analysis of the research results shows that in forest land as well as in LNZ the
number of trees per ha is not a determinant of fine root biomass. The connection between
the parameters is very weak and the number of trees per unit of area does not show a
binding effect on the development of fine root biomass.

The same as it is in forest land, in the abandoned agricultural land (Fig. 3.4.) the fine
root biomass decreases as the depth increases. By evaluating the empirical material of all
the stands together, on average the greatest volume of fine root biomass is concentrated at
the depth of 0 — 10 cm, and significant biomass differences were observed only between
depths of 0 — 10 cm and 50 — 60 cm of soil layers. By comparing the fine root biomass in
abandoned agricultural land and in forest land, it can be observed that in agricultural land
the volume of biomass is smaller.

In the afforested abandoned agricultural land the total volume of fine root biomass at
0 — 60 cm soil depth is greater in younger stands, and it decreases as the stand gets older.
In older stands there is a differentiation of fine roots with the tendency of decreasing in
deeper soil layers.
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3.5. Comparison of small root biomass in Scots pine different
environmental conditions

In forest land the age of a tree determines the total volume of the tree biomass, as
well as the distribution of biomass for different fractions. The age of the tree statistically
significantly affects the small root biomass (Kruskal-Wallis test, p < 0.05). The selected
pine sample trees have a smaller volume of root biomass in younger stands, and it
increases as the stand gets older.

The trees that have a bigger diameter at 1.3 m height (Fig. 3.5.) and are taller make
up a greater small root biomass, and there is such a tendency for each age group.

Within the framework of this research there was a tendency observed that in
afforested abandoned agricultural land and in forest land the volume of small root biomass
depends on the species and the age of the trees. When comparing the small root biomass of
Scots pine sample trees in afforested agricultural lands and forest land at stands of same
age there are no significant statistical differences (Kruskal-Wallis test, p > 0.05), but
biomass of these roots on average is 1.9 greater in afforested agricultural land than it is in
forest land, per unit of area, respectively 2.5 0.5 t DM ha™.

In LNZ as well as in forest land the diameter of sample trees at DBH; ;3 can be used
to determine (Fig. 3.6.) and project the root biomass (R* = 0.86). The inventory indicators
of the sample trees and root biomass have a closer connection in afforested agricultural
land than in forest land.

According to the data used in the research, on average the volume of small root
biomass in Scots pine a young stand is 3.7 £1.6 t DM ha™. The results obtained in this
research indicate that the small root biomass takes up a significant part of the total tree
root biomass, and on average it is 30 5% in Scots pine stands.

3.6. Comparison of Scots pine coarse root biomass in different
environmental conditions

The results of this doctoral thesis indicate that the coarse root biomass ranges in large
amplitude depending on the age of the tree. As shown in figure 3.7. the diameter at DBH; 3
describes non-linearly (degree function) the coarse root biomass in forest land. Regression
equation determination ratio is R* = 0.93.

In the forest land the age of the stand significantly affects the amount of coarse root
biomass (Kruskal-Wallis test, p < 0.05). When comparing the amount of sample tree
coarse root biomass between different types of cultivation, in 45 year old stands there are
no statistically significant differences (Kruskal-Wallis test, p > 0.05). The average coarse
root biomass for sample trees in a 45 year old SA is 15.4 +£7.0 kg DM, whereas in a 45
year old DAA on average it is 14.8 £7.2 kg DM.

The research marks out that the average coarse root volume in Scots pine young stage
forest land is 14.6+5.3 t DM ha™.

Scots pine coarse root biomass in afforested abandoned agricultural land in selected
stands ranges between 1.4 +0.6 t DM ha™ (12 years) and 8.3 2.7 t DM ha™ (38 years). The
evaluation of the average amount of coarse root biomass of the sample trees in the selected
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stands shows that there are statistically significant differences (Mann-Whitney U test,
p < 0.05) between the stands of different age.

As the comparison of the average coarse root biomass of Scots pine sample trees in
abandoned agricultural land and forest land shows, there are no statistically significant
differences between both sample groups (Mann-Whitney U test, p < 0.05).

The coarse root biomass of Scots pine stands in LNZ is easily predictable by using
the tree diameter at DBH;3; (Fig. 3.8.). Non-linear regression equation for coarse root
biomass projection is explained by determination ratio R® = 0.93. The closeness of
connection between the coarse root biomass and DBH, 3 is described by correlation ratio
r=0.91(t=8,842 > t,, =2,109; a = 0.05).

3.7. Comparison of Scots pine stump biomass in different environmental conditions

In young stands the stump for the sample trees develops weakly. In forest land for a
sample tree the average stump biomass of 8 year old Scots pine at SA is 0.4 +0.1 kg DM,
in the 12 year old stand 0.6 £03 kg DM and in the 13 year old stand 0.7 0.2 kg DM. The
14 year old Scots pine SA has a greater biomass of stump and it significantly increases
(Kruskal-Wallis test, p > 0.05) as the stand gets older, therefore the stump fraction directly
depends on the age of tree. There are no statistically significant differences (Kruskal-
Wallis test, p > 0.05) between stump biomass in stands of the same age, but cultivated
differently. In DAA the stump develops faster than in SA, and it is more pronounced
already at the age of 8 years, as well as at the age of 45 the average sample tree stump
biomass is greater in DAA than in SA, respectively 11.2 £5.1 kg DM and 10.3 +4.9 kg
DM. Such tendencies can be explained by the effect of cultivation type, as in prepared
soils and under the influence of high quality planting material the trees have larger top root
system (coarse roots and small roots) and have a less pronounced stump part, whereas in
naturally afforested stands the root system is deeper with larger stump fraction dimensions
(adds to the support function).

The connection between the sample tree DBH; 3 and stump biomass in forest land is
close (Fig. 3.9.). The closeness of the features is described by Pearson’s correlation ratio
r=0.89 (t = 14.319 > t,., = 2,004; o = 0,05) and non-linear power regression (R? = 0.86).

Stump biomass in Scots pine stands in afforested abandoned agricultural land ranges
from 1.6+0.7 t DM ha™ to 7.8+2.6 t DM ha™.

Scots pine stump biomass and sample tree DBH; ;3 in LNZ create a strong correlation
which is described by correlation ratio r = 0.86 (t = 6.692 > t,., = 2.109; o = 0.05). A non-
linear regression equation can be seen in figure 3.10., which is explained by determination
ratio R* = 0.87. The empirical points densely group around the adjusted curve indicating
that the data has been collected correctly and can be used for an accurate stump biomass
description.

In comparison with forest land, stump biomass fraction in stands of same age is
greater by 7.5% in the afforested agriculture lands.
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3.8. Changes in humidity in Scots pine root fractions under the influence of different
environmental conditions

The average absolute water content of root wood-pulp is 202 £10% in DAA and
179 £6% in SA, whereas the relative humidity is 65 +2% in DAA and 63 +1% in SA.
When analysing the root water content in stands of different origin, that have an artificially
renewed or naturally renewed forest, no statistically significant differences in the absolute
and relative humidity were observed (t test, p > 0.05), although DAA had a tendency to
have a greater root humidity content than in SA.

The age of the stand and the root fraction are factors affecting the content of
humidity. When analysing the absolute humidity it was observed that there were
statistically significant differences between different root fractions, as well as in stands of
different age (dispersion analysis, p < 0.05).

During the research it was found that there is a tendency for the average absolute root
humidity to decrease as the stand gets older. By comparing the types of cultivation in
stands of the same age, it was observed that in coarse roots, as well as in small roots, the
absolute humidity is greater in DAA and the differences are statistically significant (t test,
p < 0.05). It was observed that stump wood pulp has the lowest absolute humidity. The
absolute humidity is statistically significantly different in DAA and SA of the same age
(t test, p <0.05).

Comparing the absolute humidity of LNZ, a tendency similar to the one in the forest
land was observed (as the stand gets older, the humidity content decreases). In LNZ the
absolute humidity content statistically significantly differs in different fractions and for
different ages (dispersion analysis, p < 0.05), bet on average it ranges between 146 £7%
and 222 +6%. The highest absolute humidity content was found in small roots. In stump
fraction the absolute humidity content is the lowest — ranging between 113 £11% and
186 +8%.

On average in roots fractions in LNZ the absolute humidity content is slightly higher
than it is in forest land, but the difference is not statistically significant (t test, p < 0.05).
The relative humidity is statistically significantly different in stands of different age
(single-factor dispersion analysis, p < 0.05) and it ranges between 58 £2% and 61 +£1%.
Also there are statistically significant differences between the relative humidity in
different root fractions (single-factor dispersion analysis, p < 0.05). The average relative
humidity content is the highest in small roots 72 +1%, in coarse roots it is 63 +1%, but in
stump fraction — 58 £2%.

3.9. Comparison of Scots pine root density in different environmental conditions

Absolutely dry root density between the stands of different age and fractions, with
95% credibility, statistically significantly differs (dispersion analysis, p < 0.05). In SA the
average root fraction density ranges between 163 +64 kg m™ in 8 year old stand and
339 +8 kg m™® in 24 year old stand. Whereas in DAA the average root density ranges
between 143 +18 kg m™ in 8 year old stand and 400 +11 kg m™ in 24 year old stand. When
analysing the average density values in young stands, it was observed that there are
statistically significant differences between different fractions and soil preparation types
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(dispersion analysis, p < 0.05). The stump fraction was less dense, respectively 245 +
+17 kg m™ in DAA, and 281 +15 kg m™ in SA. In SA the density of small roots is 367 +
+20 kg m™ and the density of coarse roots is 401 +5 kg m™, but in DAA the density of
small roots is 301 +22 kg m™, and the density of coarse roots is 394 +6 kg m™.

The differences between root density in LNZ stands of different age are similar to the
differences in forest land. The average root density of the stands of different age within
one fraction does not significantly differ (single-factor dispersion analysis, p > 0.05), but
between different fractions and different ages, with 95% credibility, it differs statistically
significantly (dispersion analysis, p < 0.05). The average density of the root system in
LNZ ranges between 392 +97 kg m™ in 38 year old stand and 425 +14 kg m™ in 12 year
old stand. On average in LNZ the stump fraction has the densest wood-pulp, respectively
450 +61 kg m™.The average density of coarse root wood-pulp is 358 +54 kg m™, but the
density of small roots is 331 +50 kg m™.

After comparing the root density in forest land and LNZ, no statistically significant
differences were observed. In LNZ the root wood-pulp is denser, on average —
379 +55 kg m™®, but in forest land it is 332 +14 kg m>.

3.10. Calculation of different Scots pine root fraction biomass transition ratios

Biomass transition ratios are the relation of the respective sample tree fraction
biomass and stump volume. Within the framework of this doctoral thesis the biomass
transition ratios were established for stump, coarse roots and small roots (c, Cy, Cs,), @S
well as Y c; (Table 3.1.).

The sum of biomass transition ratios Y ¢; and the sample tree DBH, 3 in Scots pine
stands are mutually independent features (the same refers to separate ratios), that are
described by the determination ratio R = 0.12. It means that for the calculation of non-
stump biomass in stands and their groups, average arithmetical values of transition ratios
can be used, which significantly simplifies biomass evaluation, as for establishment of the
total biomass or its separate fractions only the growing stock of stand or group has to be
known.

As it is seen in figure 3.11. the spread of empirical points is relatively wide. The wide
spread of empirical points can be attested to the dendro-metric, phytocenotic and edaphic
diversity of the sample tree sample group that was selected on purpose in order to
represent Scots pine stands as fully as possible.

3.11. Carbon content in Scots pine root biomass

Within the framework of this research the average carbon content differs between
conifers and deciduous trees within the range of ~3%. The average C content of conifers in
forest land is 52.1 +0.1%, but for conifers in afforested agricultural lands it is 50.3 £0.1%,
for deciduous trees — 49.3 +0.1%. There is statistically significant difference in the average
carbon content in root biomass (Fig. 3.12.) between conifers and deciduous trees, as well
as between forest land and LNZ, different roots fractions, stands with different ages and
tree species (multi-factor dispersion analysis, p < 0.05). It was observed that the C content
is higher in conifer root wood-pulp fractions then it is for deciduous trees. The average C
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content in conifer root wood-pulp in forest land is higher than in the sample trees in
afforested agriculture land.

Deciduous tree root fraction wood-pulp has a lower content of C compared to conifer
wood-pulp in afforested agriculture lands (multifactor dispersion analysis, p < 0.05).
Whereas comparing C content in conifer root fractions in forest land and agriculture land,
it was observed that in forest land it is significantly higher (single-factor dispersion
analysis, p < 0.05). As the root fraction diameter decreases for the selected sample trees in
forest lands, the C content decreases as well, respectively in coarse roots 51.1 +£0.3% and
in small roots 50.1 £1.2%. It was observed that in afforested agricultural land the situation
was the opposite — the small roots had the highest C content for both deciduous trees (on
average 49.5 +£0.4%) and conifers (on average 51.2 +0.5%).

The carbon content in root fractions makes a positive, medium-close correlation with
the age of the stand, which is described by the Pearson’s correlation ratio r = 0.62
(t=15.831>t,,=1.999; a = 0.05). Respectively older stands have higher carbon content in
root wood-pulp. The carbon content has large amplitude in the stands of the same age, it is
not connected with sample tree dimensions, as it was established that there is a weak
correlation between the sample tree diameter and the average carbon content in the root
wood-pulp, r = 0.38 (t = 3.256 > t,, = 1.999). Therefore the carbon content in root wood-
pulp varies naturally.

In the Scots pine young stands selected for this research the root biomass has on
average 27.142.3 t DM ha™, that is a great potential reserve for economic usage of forest
resources and the storage of accumulated carbon. The results show that on average in the
root biomass of Scots pine young stands selected for this research the accumulated CO, is
48.7+4.3 t ha™ in the afforested forest land (8, 12, 13, 14, 24 and 45 year old) and
35.6 +11.5 t ha™ in the afforested abandoned agricultural land (12, 14 and 38 year old).
The comparison of accumulation of CO, in the root biomass of Scots pine in 12 year old
stands in abandoned agricultural land and in forest land shows that in the abandoned
agricultural land more CO is attracted — 17,9 +9,6 t ha™, and 15.0 +3,5 t ha™ in the forest
land accordingly. Whereas in the 14 year old Scots pine stand in the afforested abandoned
agricultural land the amount of CO, is 36.3 £8.1 t ha' and in the forest land it is
13.3+0.7 tha™.

In Latvia the calculations of CO, for GHG inventory have been performed by using
the formula that includes the growing stock or the growth of growing stock and calculation
ratios taken from the GHG inventory (Penman, 2003). One of the calculation ratios used in
the formula is for the recalculation from above-ground to underground biomass, and in
coniferous stands having above-ground biomass 50 — 150 t ha™, it is 0.32. Within the
framework of the present doctoral thesis the ratio has been calculated for the recalculation
from above-ground to root biomass in Scots pine young stands having above-ground
biomass 50 — 150 t ha™, and its value is 0.28. As a result of the research the conclusion has
been drawn that the underground biomass has been overrated causing inaccuracy in the
calculation of CO, for GHG inventory.
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3.12. The analysis of root biomass calculation equation for Scots pine root
biomass fractions

Within the framework of this research, by developing the total root biomass equation,
several models were tested, and the most precise was the linear regression model (3.1)
which includes one factorial indication (D*H).

m=a+b-(D%H), (3.1)
where:-
m — total root biomass, Kkg;
D°H-  multiplication of squared tree DBH, 5 (m)and the tree height (m);
a, b—  calculated ratios.

The information obtained as a result of regression analysis explains and describes the
newly developed model. After analysing different variables, the variable indication D*H
and resulting indication were included in the regression model total root biomass. The
correlation ratio in forest land is 0.98 and 0.94 in LNZ (Pearson’s correlation), which
indicates close linear connection between the resulting and factorial feature. The
determination ratios are high in both cases, respectively R? = 0.96 and 0.89. Thus 96% and
89% of the total biomass variation can be explained by the developed linear regression
model. Root biomass calculation regression equations:

e sample tree root biomass in forest land (DBH; 3 between 1.5 and 26.5 cm)

m = 1270 + 107.920 - D?H. (3.2)
e sample tree root biomass in afforested LNZ (DBH, ; between 3.7 and 19.8 cm)

m = 8.325 + 70.689 - D?H, (3.3)
where:
m—  naturally humid mass, kg;

D?H — multiplication of squared tree DBH; 3 (m) and the tree height (m);

Values of different root fraction biomass regression equation ratios are shown in
table 3.2.

The spare link of regression (constant a) is statistically significant (p < 0.05), but for
coarse roots in forest land and coarse roots in LNZ zero hypothesis cannot be declined,
that ratio is equal to zero (p = 0.079 and p = 0.157). Likewise, in the total root biomass
calculation model the ratio spare link a should not be excluded from the model, as it can
affect the value of the straight line direction ratio b.

4. Conclusions

1. Within the framework of this doctoral thesis and equation for calculation of Scots pine
root biomass has been developed. The equation is the same for different root fractions
(coarse roots, small roots and stump), trees of different age in forest land, as well as in
afforested agricultural land. The amount of root biomass of the above mentioned
fractions is explained by linear regression model with one combined factorial indication
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(D*H), which implicitly states the effect of the stand age. The suitability of the model
for each fraction is modified by the numerical values of its ratio. The determination
ratio of the model respectively: in forest land R* = 0.96, in afforested agricultural land -
R? = 0.89. The model is statistically significant at 95% credibility level for all above
mentioned variants.

. Transition ratios of Scots pine root biomass fractions and values of their sums have
been determined. These values do not depend on the tree DBH, 3, and this allows using
the average arithmetic means of transition ratios to calculate the biomass of tree root
fractions, which are the same for the whole stand.

. There were no statistically significant differences found between the total tree root
biomass in naturally afforested stands and artificially afforested stands, although in
artificially afforested stands the root biomass tends to be larger. Whereas in afforested
abandoned agricultural land, the trees of same age develop a significantly larger amount
of root biomass than the trees in forest land.

. In both forest land and afforested agriculture land in Scots pine stands the major part of
root fraction is made up by coarse roots (51% of the total root biomass), followed by
stump fraction (30%), small roots (13%) and fine roots (6%). The biomass of each of
these root fractions is established by the power regression with tree DBH;; as an
argument. The specific values of dry biomass obtained in this doctoral research in Scots
pine stands in abandoned agricultural lands range between 9.9 +5.3 t DM ha™ (12 year
old stand) and 20.1 +4.5 t DM ha™ (14 year old stand), whereas in forest land it is
between 10.8 +0.4 t DM ha™ (8 year old stand) and 60.5 £1.7 t DM ha™ (24 year old
stand).

. In the forest land the morphometric parameters of fine roots (diameter, surface area and
length) are bigger in the planted areas than in naturally renewed areas. While in the
afforested abandoned agricultural land the morphometric parameters are bigger than in
the forest land.

. In the forest land total fine root biomass is bigger in the naturally renewed areas than in
the planted areas. Whereas in the abandoned agricultural land fine root biomass is
smaller than in the forest land.

. In the forest land the length of coarse roots and small roots is bigger than in the
abandoned agricultural land. In the forest land the length of coarse roots and small roots
IS bigger in the naturally renewed stands than in the planted stands.

. The average content of carbon in the root biomass statistically significantly differs
between coniferous trees and deciduous trees, as well as between the forest land and the
abandoned agricultural land, among different fractions of roots, age of stands and
species. The average C content in the root biomass of Scots pine is 52.1 £0.1% in the
forest land, but in the afforested agricultural land it is 50.3 +0.1%. Within the
framework of the research in the root biomass of Scots pine 8 year old stand in the
afforested forest land the accumulated CO; is on average 19.8 0.7 t ha™, 12 year old
32.5 +1.7 t ha™, 13 year old 31.9 £7.0 t ha™, 14 year old 28.8 +1.9 t ha™, 24 year old
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111.5+3.1 t ha™ and 45 year old 70.8 £12.2 t ha™. Whereas in the root biomass of Scots
pine 12 year old stand in the afforested abandoned agricultural land the amount of
accumulated CO, is 18.1 £9.6 t ha™ and accordingly in 14 year old stand it is 53.6 +
+16.5 t ha™*. The ratio for recalculation from the above-ground to the root biomass has
been calculated and its value is 0.28. The conclusion has been drawn that the
underground biomass has been overrated in the calculation of CO, for GHG inventory.

. The hypothesis is confirmed that the root fraction biomass can be calculated with high
credibility as a function of tree parameters that can be easily measured — tree DBH, 3
and the height of the tree.
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