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ZINATNISKA DARBA APROBACHA
APPROBATION OF THE SCIENTIFIC WORK

Pétijuma rezultati apkopoti 12 publikacijas, no kuram 3 ievietotas
vietgjos un 9 - starptautiskajos zinatniskajos izdevumos.

The results of the studies are summarized in 12 publications, 3 of
which are published in local and 9 in international scientific editions.

1. Grinfelds U., Skute M., Treimanis A.. Effect of different soil
conditions on the composition and properties of pinewood and kraft pulp
fibres. Workshop Cell Wall and Stress, Reims, France, 30 May - 1 June,
2002, P15.

2. Treimanis A., Grinfelds U., Skute M.. The impact of different
forest growth conditions on the composition and properties of the pinewood
for pulping. Chemical technology of wood, pulp and paper, ,Slovak
University of Technology”, Bratislava, 2003, 282-286.

3. Crinfelds U., Skute M., Treimanis A. The properties of aspen and
pine fibres as a result of different tree growth conditions. Proceedings of the
8th European Workshop on Lignocellulosicsand Pulp, Riga, Latvia, August
22-25, 2004, 365-367.

4. Grinfelds U., Skute M., Treimanis A. The properties of aspen and
pine wood fibres as a result of different tree growth conditions. Proceedings
of the International Scientific Conference, Jelgava, Latvia, 27-28 May,
2005, 68-71.

5. Treimanis A., Grinfelds U., Skute M. Comparative study of wood
and pulp fibres obtained from natural forest and plantation aspen trees.
Extended abstracts of the International Symposium on Wood Science and
Technology dedicated to the 50th Anniversary of the Japan Wood Research
Society, Yokohama, Japan, 27-30 November, 2005, 8P44.

6. Treimanis A., Grinfelds U., Skute M., Gailis A. Zeps M.
Comparative study of wood and pulp fibres obtained from natural forest and
plantation aspen fibres. Proceedings of the 9th European Workshop on
Lignocellulosics and Pulp, Vienna, Austria, August 27-30, 2006, 561-563.

7. Grinfelds U., Skute M., Treimanis A. ldentification of fibres origin
by characterization of fibre wall polymers, Abstract of Baltic Polymer
Symposium, September 20 - 22, 2006, Birini, Latvia, p. 30.

8. Treimanis A., Grinfelds U., Skute M. Are the pulp fibre wall
surface layers the most resistant ones towards bleaching? Proceedings of the
Italic’4 Conference Materials, Chemicals and Processes from Agricultural
and Forest Biomass, May 8-10, 2007, Rome, ltaly, 31-34.



9. Treimanis A., Grinfelds U., Skute M., Dobele G, Sable I. Effects
of the forest site on the properties of spruce wood and kraft pulp fibres. 10th
European Workshop on Lignocellulosics and Pulp, Stockholm, Sweden, 26-
28 August 2008, 474 - 477.

10. Zeps M., Auzenbaha D., Gailis A., Treimanis A., Grnfelds U.,
Hibridapsu (Populus tremuloides x P.tremula) klonu salidzina$ana un
atlase. Mezzinatne 18 (51), 2008, 19 - 34. lpp. (in Latvian)

11. Treimanis A., CGrinfelds U., Skute M. Are the pulp fiber wall
surface layers the most resistant ones towards bleaching, Bioresources,
USA, vol. 4(2), 2009, 554-565.

12. Sable 1., Grinfelds U., Jansons A., Vikele L., Irbe I., Verovkins A,
Treimanis A. Comparison of the properties of wood and pulp fibres from
Lodgepole pine (P.contorta) and Scots pine (P.sylvestris), Bioresources,
USA, vol. 7(2),2012, 1771-1783.

P&tjuma rezultati apkopoti 3 zinatnisko projektu parskatos, ka ari
zinots 2 viet€jas un 5 starptautiskajas konferencés:

The results of the studies are summarized in the reviews of 3 research
projects, and are also informed at 2 local and 5 international conferences:

1. May 30 - June 1, 2002, Reims, France. Effect of different soil
conditions on the composition and properties of pinewood and kraft pulp
fibres. COST E20, Workshop Cell Wall and Stress.

2. November 27 - 30, 2005, Yokohama, Japan. Comparative study of
wood and pulp fibres obtained from natural forest and plantation aspen
trees. International Symposiumon Wood Science and Technology dedicated
to the 50th Anniversary of the Japan Wood Research Society.

3. May 11 - 12, 2006. Riga, Latvia. State-of-art in celer and
celerboard fibres recycling in Latvia, Eco-Balt 2006 Conference, Riga.

4. April 12 - 13, 2006, Grenoble, France. Eucalyptus Kraft Pulp:
Hydromechanical Peeling of Surface Fibre Wall Layers. COST Action E41
Workshop.

5. September 20 - 22, 2006. Birini, Latvia. Identification of fibres
origin by characterization of fibre wall polymers, Baltic Polymer
Symposium.

6. June 10-15, 2007, Madison, WI, USA. Behaviour of pulp fiber
wall surface layers during enzymatic bleaching. 10th International
Congress on Biotechnology in the Pulp and Paper Industry.

7. April 10 — 11, 2008, Graz, Austria. Hydromechanical peeling of
softwood kraft pulp fibres surface layers and investigation of the material
obtained. COST Action E54 5th Management Committee and Working
Groups Meeting.



1.DARBA VISPAREJS RAKSTUROJUMS

Temas aktualitate

Meza esoSie koksnes resursi ir viens no tiem nedaudzajiem resursu
veidiem uz zemeslodes, kam piemit sp&ja atjaunoties. Saskana ar Meza
statistiskas inventarizicijas datiem, Latvija meza zemes aizmem aptuveni
3,8 miljonus hektaru, kas sastada nedaudz vairak neka 56,9% no valsts
teritorijas (MezZa statistiskas inventarizacijas 1. cikls (2004. — 2008. g.
dati)). Latvijas meZaudzes parsvara veido tris valdo$as koku sugas — priede,
egle un bérzs. To audzes kopa aiznem 86 % no visas meza platibas. Latvija
picaug apses un citu lapu koku sugu mezaudzu Tipatsvars, jo
lauksaimniecibas zemes turpina aizaugt ar lapu kokiem, ka ari dalu
lauksaimnieciba izmantojamo zemi planveidigi apmezo. Bez tam ar lapu
koku pioniersugam atjaunojas privato mezu izcirtumi, kuros nav veikti
maksligi mezu atjauno$anas pasakumi. Tapat japiemin apses hibridu ka
stadama materiala augo$a popularitate, jo tas atrak sasniedz cirSanas
caurméru un tam ir lielaka atraudziba neka tas ,wvecakiem” — Parastajai
apsei (P.tremula L.) un Amerikas apsei (Populus tremuloides Michx.).

Latvijas mezos aptuveni 30 % no sagatavotiem apalkokiem veido
tievkoksne, tacu tievkoksnes un tas produktu ipasibas Latvija ir p&titas maz.
Zinama mera tas ir izskaidrojams ar to, ka liclaka dala tievkoksnes tiek
eksportéta ka papimalka, kas netick parstradata Latvija, un tadel Sai
sortimentu grupai nav pieveérsta pietiekama zinatniecku un raZotaju
uzmaniba. Tas tom@r nav attaisnojums tam, ka ir nepietieckamas zinasanas
par liela apjoma (vairak neka 3 miljonu m® gada) eksporta preci. Turklat
arvien liclaku tievkoksnes dalu, it seviski skuju kokus, izmanto Latvija ka
sikbalkus un izejvielu platnu un citu kompozito materialu razo§anai.

Nav Saubu par to, ka principa Latvijas tievkoksne ir piemerota
sulfatcelulozes ieglisanai. Arvalstu celulozes riipnicas, it seviski Zviedrija,
sulfatceluloze parstrada aptuveni 3 milionus m® Latvijas izcelsmes
papirmalkas un S$keldu katru gadu. Tadas firmas ka ,M-real”, ,Holmen”,
,Domsj6” un citas, no tievkoksnes, kas importéta no Latvijas un citam
Baltijas  valstim, ieglist termomehanisko, Kkimiski-termomehanisko
papirmasu un sulfatcelulozi kimiskajai parstradei (§aujampulvera un $kiedru
iegiSanai), tatu visvairak sulfatcelulozi izmanto papira razo$anai. Tacu ST
prakse neko daudz neliecina par Latvijas tievkoksnes specifiskam,
konkurences cma svarigdm Ipastbam. Jo, pirmkart, importéta papirmalka
daudzas Skandinavijas ripnicas ir tikai samérd neliela (ap 5 — 15 %)
piedeva vietgjo izejvielu klastam, otrkart, informacijas atgriezeniska plisma
no paptrmalkas patérétajiem Zviedrija un citds valstis ir loti skopa un
nepilniga. Lidzigi ka to dara Ziemelvalstis, arT Latvija mums paSiem ir
janoskaidro savas koksnes IpasSibas, lai §1s zinaSanas izmantotu gan



teorGtiskas bagazas papildinasanai, gan ari praktiski kokmaterialu tirgus
apstaklos.

Darba zinatniska novitate

Pirmo reizi sistematiski un kompleksi pétitas Latvija iegltas
tievkoksnes ipasibas un kimiskais sastavs.

Pirmo reizi pétitas Latvija selekcionéto apses hibridu (Populus
tremuloides X Populus tremula) koksnes un tas sulfatcelulozes ipasibas.

Pirmo reizi pétits Latvija augusas Klin§kalnu priedes (Pinus contorta)
koksnes kimiskais sastavs un no tas iegiitas sulfatcelulozes ipasibas.

Noteiktas likumsakaribas (korelacijas) starp tievkoksnes un no tas
iegiitas sulfatcelulozes raksturlielumiem.

Pirmo reizi analizéts Latvija augu$a bérza koksnes paraugs ar ickartu
,SilviScan”, atseviskas gadskartas nosakot virkni koksnes parametru.

Izstradata jauna gadskartu meriSanas metodika, Kkas ieviesta
pétniecibas procesa LV Koksnes kimijas institiita.

Izstradata ipatn&ja koksnes patérina aprékinasanas metode koksnes
parstrades tehnologiju salidzinasanai.

Darba praktiska nozimiba

Jaunas zina$anas par Latvijas tievkoksnes IpaSibam paliclina gan meza
ipas$nieku, gan ari tievkoksnes parstradataju un tirgotaju konkurences sp&ju.
Paslaik jau daudzas Eiropas celulozes un papira fabrikas, ka art dazi platpu
razotaji, seko savu izejvielu — koksnes — izcelsmes vietam, nemot véra ne
tikai koksnes izcelsmes likumisko pusi, bet arf meZa tipu un koku augs$anas
apstaklus. Lidz ar to, pateicoties pétjumam, meZipa$niekiem ir sniegtas
rekomendacijas meza platibas atjauno$ana, izvert€jot koku sugu pasibas un
to atSkiribas.

Demonstrétas jaunu, digitaliz€tu un automatizétu pétniecibas iekartu
(,SilviScan 3” un Lorentzen & Wettre ,FiberTester”) potencialas iesp&jas
Latvijas koksnes Ipa§ibu noskaidroSanai.

Iegttie dati par Latvijas tievkoksni un no tas iegiito sulfatcelulozi ir
izmantojami augstskolu macibu gramatas. Sos datus var izmantot ari
nakotng, kad zinatniekiem un praktikiem biis pastiprinata interese par
tievkoksni un tas izmantoSanu biorafin€rijas, pirolizes, delignifikacijas un
citos procesos.

Pétijuma merkis
Izvertet Latvija augoSu koku sugu piemerotibu sulfatcelulozes
razoSanai.



Pétnieciskie darba uzdevumi

Noskaidrot dazados Latvijas regionos un meza augSanas apstaklos
auguso tievkoku fizikalo 1pasibu un galveno kKimisko komponentu raditajus.

Laboratorijas apstaklos iegut sulfatcelulozi un noskaidrot tai
raksturigos fizikalos un kimiskos parametrus.

Noskaidrot  iesp&jamas  likumsakaribas  starp  koksnes un
sulfatcelulozes parametriem, novértét Latvijas tievkoksnes piemerotibu
sulfatcelulozes razo$anai.

Promocijas darba struktira un apjoms

Promocijas darbs ir pakartots pétjjumu uzdevumiem un sastav no 6
nodalam:

1. nodala. Literatiiras apskats par koksnes uzbiivi un kimisko sastavu,
ka ari par faktoriem, kas ietekmé to izmainas. Aplikota ari viena no
pétnieciskajam metodém koksnes kompleksajiem pétjumiem, izmantojot
iekartu ,,SilviScan”.

2. nodala. P&tjjuma izmantoto materialu un metozuraksturojums.

3. nodala. Pétjjuma rezultati par skuju koku koksni un no tas iegiitas
sulfatcelulozes fizikalajam Ipasbam un kimisko sastavu, koku sugas un
augSanas apstaklu ietekmi uz koksnes un papirmasas Ipasibam.

4. nodala. Petjjuma rezultati par lapu koku koksni un no tas iegitas
sulfatcelulozes fizikalajam 1pasibam un kimisko sastavu, kura noskaidrotas
koku sugas un augSanas apstakju ietekme uz koksnes un papirmasas
TpaSibam.

5. nodala. ASvarigako korelaciju starp tievkoksnes un sulfatcelulozes
ipasibam apskats.

6. nodala. Tievkoksnes izmantoSanas sulfatcelulozes razoSanai
ekonomiskais noveértejums, kura sniegts tievkoku parstrades ekonomiskais
salidzinajums, par pamatu nemot koksnes pieauguma atrumu un iegiito
produktu realizacijas cenu.

Promocijas darba apjomu veido 124 Ipp., kuras informacija apkopota
66 attelos un 32 tabulas. Darba izmantoti 174 literatiiras avoti.



2.PETIJUMA MATERIALS UN METODIKA

Promocijas darba uzdevumu realizacijai izmantoti skuju koku un lapu
koku paraugkoki no 7 dazadiem Latvijas novadiem un 5 meza aug$anas
apstakliem. Sakara ar lauksaimniecibas zemju apmeZo$anu, izveidoti
parauglaukumi ari $ajas zem@s. PEtfjuma ieklauti Parastas priedes (P.
sylvestris L.), Parastas egles (P.abies L. H.Karst.), Ara bérza (B.pendula
Roth.), Parastas apses (P.tremula L.), Apses hibridu (P.tremuloides Michx.
X P. tremula L.) un Klin§kalnu priedes (P.contorta var. latifolia Engelm.)
paraugkoki. Kopuma analizgti vairak neka 130 paraugkoku.

Koksnes Kkimisko un fizikalo parametru noteikSanu, ka ari
sulfatcelulozes iegtiSanu un tas raksturojumu veica, izmantojot stumbra daju
augstuma no 0,0 — 1,3 m:

I posms (0 — 0,5 m) izmantots koka vecuma noteik§anai un rezervei,

Il posms (0,5 — 1,0 m) izmantots koksnes blivuma noteik$anai;

Il posms (1,0 — 1,3 m) izmantots sulfatvarjjuma iegiiSanai, koksnes
Kimisko ipaSibu, gadskartu platuma un vélinas koksnes noteik§anai.

2.1. Koksnes fizikalo un kimisko ipasibu noteik§ana
Koksnes fizikalas ipasibas un kimisko sastavu noteica saskana ar

izstradato shému (skat. 2.1. att.), kas ir izveidota, balstoties uz TAPPI, DIN,
ES standartu prasibam, to logiska izpildes seciba.

Wood
] Skeldosana
Chipping

Mehaniska apstrade

r
MalSana, sijasana
Grinding, screening

Sulfatcelulozes iegnisana
Kraft pulp production

Fizikalas ipasibas
Physical properties

Kimiskas Tpasibas
Chemical properties

]

Mechanical processing
Pelnu saturs

Ash content

)

Vecums

Age

g )

Ekstraktvielu saturs
Extractives content

)

Velinas koksnes saturs
Latewood amount

)

Celulozes saturs
Cellulose content

Lignina saturs
Lignin content

]

Gadskartu platums
Annual ring width

)

Blivums
Density

{ ]

2.1. att. Koksnes raksturlielumu noteik§anas shéma.
Fig. 2.1. Sheme of determination of wood characteristics.

Koksnes mitrumu nosaka, koksni Zavgjot 103 =+ 2 o°c temperatiira,

saskana ar standartu TAPPI 258 om —

94 un DIN 52182 - 1977 prasibam.



Aplievas un kodolkoksnes saturs

Priedes koksni ickrdso ar benzdina skidumu’ . Benzidins, reagéjot ar
kodolkoksni, dod sarkanu nokrasu.

Egles koksnei kodolkoksni no aplievas koksnes at$kir, pielietojot
bromkrezolzalo indikatoru®.

Koksnes blivamu p noteica saskana ar DIN 68 364 - 1976 un
TAPPI 258 om — 94 standartiem, paraugus kondiciongjot normala klimata
(23 £1°Cun % 50 *2 %) saskana ar DIN 50014-20/65-1 standartu.

Koksnes ekstraktvielas noteica péc standarta TAPPI 204om — 88,
lietoja spirta — benzola maistjumu.

Celulozes saturu (pec KirSnera - Hoffnera metodes) noteica
saskana ar standarta TAPPI 203cm- 99 prasibam, 95 % etilspirta
(CaHsOH) un konc. slapeklskabes (HNO3) $kiduma (4 : 1).

Pelnu daudzuma noteica saskana ar standarta TAPPI 21lom — 93
prasibam, ka atlikumu péc koksnes karsé§anas 575 + 25 o°c temperatiira.

Lignina saturu noteica saskana ar standarta TAPPl 222om - 98
prasibam, Klasona (sérskabé neskisto$a) lignina noteikSana.

Sulfatcelulozi ieguva ar sulfata vienpakapes delignifikacijas metodi.
Delignifikacijas procesa parametri bija sekojosi: aktiva sarma koncentracija
varskiduma — 57,4 g I'* (Na,O vienibas), sulfiditate 29,8 %, hidromodulis
45 : 1; maksimala delignifikacijas temperatiira 165 oc, delignifikacijas
laiks — 75 min lapu kokiem un 85 min skuju kokiem. Vienam un tam pasam
paraugam veica 2 - 4 atkartotus varfjumus. Delignificéto un izskaloto
sulfatcelulozi $kiedroja laboratorijas celulozes dezintegratora ar atrumu
4000 min™ |, 25 s, atleja Bihnera piltuvé un Zavéja telpas temperatiira lidz
nemainigam svaram.

2.2. Sulfatcelulozes fizikalo un kimisko ipaS§ibu noteik$ana

Sulfatcelulozes ipasibas noteica saskana ar 2.2. attéla ilustréto shému,
kura ir izveidota balstoties, uz TAPPI, DIN, ES standartu prasibam, to
logiska izpildes seciba. Sulfatcelulozi analiz€ja, pirms tam to nemalot, ar
noliiku, lai sulfatcelulozes Skiedru parveidojumi mal§anas procesa neraditu
sekundarus efektus.

! Jlennpen I1. (1978) Xumus ¥ TEXHOJIOTHS IIEJUTY IO3HOTO TP OM3BOACTBA: M OCKBa,
Jlecnast mp omunuieHHOCTH, 550 cTp.

2 IOpuenko B.H. (1985) OcHoBbl HayuHbIX uccnenoBanny: Jlenunrpan, JITA, 150
cTp.

® Sanderman W., Hausen B. (1967) Orientierende versuche zur
differenzierung von splint und kern sowie zum sichtbarmachen der
ubergangzone von fichte un anderen nadelholzen. Das Papier 21, 349-354.
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Sulfatcelulozes ieguve
Kraft pulp production
|

Papirmasas iznakums Ipatngjais koksnes patérin§
Kraft pulp yield Specific wood consumption
|

| 1
Kimiskas ipasibas ] Skiedru fizikalas ipasibas ] Sulfatcelulozes fizikalas ipasibas
Chemical properties Physical properties of fibres Physical properties of handsheets

Lignin content Fibres dimensions Tensile strength

ki = CaurspieSanas stipriba
e ) [ busrenty )
Ash content
Baltums
Brightness

Lignina saturs ] Skiedru dimensijas ] Stiepes stipriba ]

2.2. att. Sulfatcelulozes analizes shéma.
Fig. 2.2. Scheme of Kraft pulp analysis.

Sulfatcelulozes kimisko sastavu noteica sekojosi:

Lignina saturu - tapat ka koksnei, péc standarta TAPPI 222om - 98,
tikai nemot lielaku iesvaru — 0,32 - 0,33 g.

Celulozes polimerizacijas pakapi PP noteica, merot celulozes —
kadokséna skiduma viskozitati +20 °c temperatiira, idens vanna, saskana ar
metodiku, kas aprakstita standarta GOST 25438-82.

Ipatnéjo koksnes paterinu KP; (m® t™ ), lai iegiitu 1 t sulfatcelulozes,
aprekinaja pec sakaribas:

KP = — T »10°,
I x P
kur p — koksnes blivums, kg m’;

lpap — Papirmasas iznakums, %.

Sulfatcelulozes $kiedru dimensijas un formu noteica ar automatisko
iekartu Lorentzen&Wettre ,FiberTester”.

gl;iedru idens noturibu noteica saskana ar standartu SCAN-C62:00,
centrifigd ar G = 3000 + 20 Nm® kg un centrifugéanas laiku — 25 min.

Sulfatcelulozi atléja saskana ar standartu ISO 5269/2, izmantojot
PTA Rapid-Kothen papira paraugu atlejamo iekartu. Atlgjumus izgatavoja
gramazas robezas 65 — 80 ¢ m2.

Baltuma pakapi noteica, izmantojot difiiza baltuma mériSanas iekartu
(ar d/0° geometriju) Elrepho, saskana ar standartu ISO 2470.

Papirmasas atléjuma stiepes stipribu noteica saskana ar standarta
DIN EN ISO 1924-1 prasibam. Papirmasu salidzina$anai izmantoja stiepes
stipribas indeksu TI (Nm g™ ), izstiepumu |, trikSanas garumu BL (m) un
stiepes energijas absorbciju TEA (J m?).
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Papirmasas caurspie$anas pretestibas indeksu noteica saskana ar
standarta 1ISO 2758 prasibam.

3.REZULTATI UN DISKUSIJA
3.1. Skuju un lapu koku tievkoksnes IpaSibas

Vismazakais koksnes blivums vérojams Maltas meznieciba uz bijusas
lauksaimniecibas zemes augu$ajam eglem (398 + 10 kg m®), kas ir
skaidrojams ar nelielo koku vecumu (25 + 2 gadi) un mazu vélinas koksnes
procentualo saturu (24 + 5,0 %). Koksnes vecums pozitivi, cieSi korele ar
koksnes blivumu — Parasta egle — R? =0,519; (p <0,05) un Parasta priede —
R? = 0,508 (p <0,05). Klin§kalnu priedei $adas korelacijas nav cieSas un
bitiskas (R° = 0,023; p >0,05), kas ir skaidrojams ar pieejamo Klin§kalnu
priedes koku paraugu viendabigo koksnes vecumu — 25 + 2 gadi (skatit
3.1. att.)). Petjuma icklautajiem lapu kokiem min&tas korelacijas nav cieSas
un butiskas.

500 5

-3

o4 >X0Oo
oUW

700

600

500

Blivums, kg m™
Wood density, kg m

400 -

Vecums, gadi
Age of trees, year

3.1att. Skuju koku un lapu koku vecuma un koksnes blivama
korelacija.
Fig. 3.1. Corelation between the age and wood density of coniferous and

deciduous trees.
Apzim&jumi/ Designations: 1. P. sylvestris, R?=0,736; 2. P. abies, R?=0,603; 3. B.pendula,
R§:0,033; 4.P.tremula, R?=0,456,5. P. tremuloides X P. tremula, R*=0,475; 6. P. contorta,
R°=0,004.

Koksnes blivums b&rzam noteikts no 607 lidz 677 kg m*, bet apsem —
robezas no 378 lidz 537 Kkg m?. Risinot divu faktoru dispersijas analiz,
secinats, ka meza augSanas apstakli butiski (p < 0,05) ietekmé koksnes
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bhivumu. Lielaks koksnes blivums b&rziem ir verojams sausiena meza
aug8anas apstaklu tipa (677+8 kg m?), savukart apsei — arena meza
augSanas tipa mezos (537 +9kg m?®). Vismazakais koksnes blivums ir
apses koksnei, kas ir augusi plantaciju tipa meZa, kura veidojas koksne ar
lieln picaugumu (platam gadskartam). Pielietojot korelacijas analiz,
noskaidrots, ka nocirsto paraugkoku vecums pozitivi korele ar koksnes
blivumu (apsei R? = 0,456; apses hibridiem R%= 0,457; p < 0,05). Bérzam
§ada korelacija ir butiska (p < 0,05), bet ir loti vaja — R? = 0,033.

Gadskartu platuma vértibas atrodas diezgan licla intervala: bérzam —
no 0,8 Iidz 1,2 mm, apses koksnei — no 1,5 lidz 6,8 mm, savukart, apses
hibridiem gadskartu platums ir noteikts 2,6 — 5,9 mm robezas. Ari lapu
kokiem tika konstat&ta liela koku vecuma izkliede — bérzam — no 41 lidz 63
gadiem, bet apsei— 12 — 47 gadi. Petijuma tika ieklauti art 12 gadus veci
apses hibridi, un kontrolei 41 + 3 gadus veci apses hibridi. Gadskartu
platums vidgji lidz pat 4 reiz€m lielaks ir apSu hibridiem un plantacijas
auguSajam aps€m, salidzinot ar meza zem@s augus$ajam apsém. Tas,
savukart, nozZzimé koksnes masas un caurm@ra atraku pieaugumu Siem
kokiem (skat. 3.2. att.), ka arT 3 — 4 reizes Tsaku audzes rotacijas laiku.

180 1 1
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Stumbra caurmeérs, mm
Stem diameter, mm
.
.

Koka vecums, gadi
Tree age, year

3.2. att. ApSu un apSu hibridu vidéjais stumbra caurméra pieaugums
meZa zemes un plantacijas.
Apzim&umi 1; 2 - apses arenu mezaudzg€; 3 - apses sausienu mezaudzg; 4 - apses
lauksaimniecibas zemju plantacijas; 5 - apses hibridi lauksaimniecibas zemju plantacijas.
Fig. 3.2. Average increment in stem diameter for aspen and aspen hybrids
in forest lands and plantations.

Designations: 1; 2 —aspensin thedrained mineral soils; 3 —aspens in thedry sites; 4 — aspens
in the former agriculture lands; 5 — aspen hybrids in the former agriculture lands.
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Koksnes dazadais pieauguma atrums nosaka arT koksnes atSkirigo
morfologiju — kodolkoksnes saturu, ka arT §kiedru platumu, garumu, sieninu
biezumu. Igaunija veiktajosl petjumos atrasta biitiska aug$nu bagatinasanas
ietekme uz kodolkoksnes apjomu. Autors raksta, ka Parastajas priedes,
picaugot aug$nu mésloSanai, samazinas kodolkoksnes ipatsvars. Misu
pétjums nevar apstiprindt $os petjumu rezultatus, jo misu p&tjuma
ieklautajam priedém ir raksturiga pret€ja tendence — sausieni auguSajam
priedém ir lielaks kodolkoksnes saturs, salidzinot ar organiskam vielam
bagatakas augsnés (arenis vai kiudrenis) augus$ajam priedém. PEtjuma
novérots, ka pastdv poztiva, cieSa un butiska korelacija (R2 = 0,711;
p < 0,05) starp koksnes vecumu un kodolkoksnes saturu taja.

Jaunakiem kokiem raksturigs ari mazaks kodolkoksnes daudzums
(22,5+5,3 %), salidzinot ar vecakiem kokiem (attiecigi 52,7 + 3,4 % un
478+5,0 %). Tas sasaucas ar literatiiras datiem, ka kodolkoksnes saturs
pozitivi korele ar koksnes kambialo vecumu?®.

3.2. Skuju koku un lapu koku koksnes kimiskais sastavs

PGtot meza augSanas apstaklu ietekmi uz koksnes komponenta -
lignina saturu koksné€, tas ir bitiski (p < 0,05) mazaks meZa zemés neka
transformétaja lauksaimniecibas zemé augu$ajiem skuju kokiem. Lignina
saturs Parastas egles tievkoksnes paraugiem atrodas diapazona no 26,3 lidz
29,5 %, Parastas priedes kokiem — no 26,3 lidz 34,2 %. Lauksaimniecibas
zem@s augusas KlinSkalnu priedes koksné lignna saturs ir 26,4 + 0,7 %.
Vislielakais lignina saturs (295+1,1 %) vérojams no lauksaimniecibas
zemes transformetaja meza auguSajam eglem, turklat tam konstatets
vismazakais celulozes saturs (51,0+1,4%). Tatu meZzaudz€s, kuras pirms
tam nav veikta lauksaimnieciska darbiba, nav verojamas biitiskas atSkiribas
(p < 0,05) lignina satura egles koksnei. Tadél domajams, ka lignina un
mineralvielu  satura atSkiribas koksné ietekmé lauksaimnieciskais
méslojums. Tas atbilst arT literatiras datiem par mineralméslojuma ietekmi
uz kokaugiem: nedaudz samazinas celulozes saturs, pieaug lignina saturs.
Sada pati tendence pastav ari priedém — no lauksaimniecibas zemes
transformétajas meza zemés augu$am priedém lignina saturs ir vislielakais -

! pikk J., Kask R., Peterson P. (2006); The wood quality of fertilized Scots pine
(P.sylvestris L.) stands on Vaccinium vitis-idaea and Cladonia site type.
Metsanduslikud Uurimused 44, 9-19. ISSN 1406-9954., [tieSsaite] [skatits
10.11.2011.]. Pieejams: http://mivana.emu.ee/orb.aw/class=file/action=preview/id=
270405/mets_44-1.pdf

2 Climent J. et al. (2002), Relationship between heartwood radius and early radial
growth, tree age, and climate in Pinus canariensis, Can. J. For. Res. 32(1): p.p. 103—
111.
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34,6 + 1,2 %, salidzinot ar meza zemju mezaudzes augu§ajam priedém
(26,5 + 1,3 %), pie kam §Tstarpiba ir arT statistiski buitiska (p < 0,05).

Savukart, izvertéjot meza augSanas apstaklu ietekmi uz divu galveno
koksnes komponentu sastavdalu (lignina un celulozes saturu koksnég) lapu
kokiem, nav vérojamas bitiskas atSkiribas. Tomer saskana ar iegilitajiem
datiem, meza augSanas apstaklu tips un koksnes suga ietekmé ekstraktvielu
un pelnu saturu koksné, ka ari sulfatcelulozes iznakumu. Butiski (p < 0,05)
paaugstinats ir pelnu saturs bijusajas lauksaimniecibas zemés augusiemlapu
kokiem, kas skaidrojams ar paaugstinatu mineralelementu saturu augsné,
kas ir palicis no lauksaimnieciskas darbibas. Tas var biit traucgjoss faktors
no $is koksnes iegiitas sulfatcelulozes balinaSanas procesa, pielietojot
balinasanas tehnologijas ar idenraza peroksidu ka balino$o agentu.

Celulozes saturs Parastas priedes koksné ir noteikts no 482 lidz
54,0 %, turklat batiski mazaku (par 3,6 %) celulozes saturu koksné uzrada
priedes, kas augu$as bijusajas lauksaimniecibas zemEs. Parastajai eglei
celulozes saturs koksné vari€é no 47,6 lidz 53,9 %. Visvairak celulozes
(53,9 + 0,6 %) satur egles, kas augusas kiidrena meza tipa.

Egle, kas augusi slapjainu un kiadrenu meZos, uzrada liclaku
(539+0,6 % ) celulozes saturu koksné neka priede (50,7 + 0,6 %).
Sausiena meza augus$as priedes uzrada butiski (p < 0,05) lielaku celulozes
saturu koksné (54,0 = 1,5 %), salidzinot ar slapjainT un kiidrent augusajam
(attiecigi 51,3+0,6% un 50,1+0,9%). Tas nozimé, ka potenciali liclaku
celulozes iznakumu var planot iegiit no sausiena mezos augus$am priedém,
kas arT no mezsaimnieku viedokla ir piemerotakie augSanas apstakli
priedém1 un Ko regulé ari LR Ministru kabineta noteikumi Nr. 1453 ,Meza
atjaunoSanas noteikumi”. Mazaks pelnu saturs vE€rojams Maltas sausienu
meza tipa augu$ajam eglém, salidzinot ar leriku sausienu meza auguSajam
eglem (attiecigi 0,23 + 0,01 % un 0,29 + 0,02 %). Pretéja tendence
veérojama ekstraktvielu satura, proti, Maltas sausiena kokiem to ir gandriz
par 60 % vairak neka leriku attiecigaja meza tipa (2,2 + 04 % un
1,3+ 0,1 %), kas lauj spriest, ka mineralvielu saturu koksné ietekmé ne tikai
meza tips, bet ar citi faktori (pieméram, geografiskais regions, kura koks ir
audzis, vai genétiski noteikts faktors). Savukart, vislielakais pelnu saturs
koksné vérojams leriku arena meza tipa augu$ajam eglém un Madonas
sausienu meZos augusajam eglém, attiecigi 0,32 + 0,05 % un 0,33 + 0,06 %.

Salidzinot miisu KKI Celulozes laboratorija iegiitos datus ar literatiira
atrodamajiem, tika konstatétas =zinamas atSkirbas: misu pé&tjuma
izmantotie apses koksnes paraugi ir ar lielaku celulozes saturu un mazaku
lignina saturu. JaatzZimg, ka Latvija kopumad maz pétits apses un bérza
tievkoksnes kimiskais sastavs, idz ar to trikst viet&jo, agrak iegiito datu, ar

! Mangalis 1. (2004), Meza atjaunoSana un ieaudz&Sana; Riga, izdevnieciba Et
Cetera 453 Ipp.
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kuriem varétu salidzindt misu p&tjuma rezultatus. Arena un kiidrena
bérziem ir nedaudz lielaks KirSnera celulozes saturs (48,5 + 23% un
48,7+0,7 %), kas péc sulfata delignifikacijas pozitivi atspogulojas ari
sulfatcelulozes iznakuma no koksnes masas vienibas (474 + 1,3 % un
471+ 0,5 %, rekinot uz atlikumu bez lignina). Bitiski lielaku celulozes
saturu koksné (p < 0,05) uzrdda beérzi, kuri augu$i lauksaimnieciba
izmantotajas zemés — 49,3+0,9 %, salidzinot ar meza zemés augusajiem
bérziem — 48,7 = 0,6 %, tacu jaatzimé, ka §1 starpiba ir nelicla ~ 0,6 %.
Lauksaimniecibas zemés auguSie bérzi uzrada butiski paaugstinatu
ekstraktvielu saturu koksné (3,1 +0,4 %), salidzinot ar meZa zemés
auguSajiem bérziem, starp kuriem, savukart, nepastav bitiskas (p > 0,05)
ekstraktvielu satura atSkiribas.

Apses un apses hibridu koksné celulozes saturs ir lielaks neka bérza
koksng, turklat $1 starpiba ir statistiski biitiska (p < 0,05). Praks€ Sobrid licla
nozime ir arl apses koksnes termomehaniskas papirmasas augstajai
kvalitatei, un $aja joma apse ir viena no visvairak izmantotam koksném. Ka
vienu no piemériem var min&t ,Estonian Cell”, kas papirmasas razoSanai
izmanto tikai apses koksni

3.3. Skuju koku un lapu koku sulfatcelulozes 1pasibas
un to kimiskais sastavs

legiito papirmasu (sulfatcelulozes) iznakums (ar lignina saturu taja) un
atlikuma lignina saturs ir atspoguloti 3.1. tabula.

Sulfatcelulozes iznakuma diapazons ir sameéra liels — no 43,3 hdz
54,5%, rekinot uz absoliti sausu koksnes masu. Eglu sulfatcelulozes
iznakumu nav butiski ietekm&jusi meza augSanas apstakli (p <0,05).

Apses koksnes sulfatcelulozes iznakumi ir lielaki (p = 0,000) neka no
beérza koksnes iegiitie. No apses koksnes sulfatcelulozes iznakums ir
robezas no 50,3 % Iidz pat 58,7 % pie lignina atlikuma satura 0,8 — 1,4 %,
bet no bérza koksnes sulfatcelulozes iznakums ir starp 47,6 % un 48,2 %,
lignina atlikuma saturs ap 2 %.

Areni augu$ajam apsém ir batiski (p < 0,05) vislielakais —
545+0,8% sulfatcelulozes iznakums, bet vismazakais tas ir no
lauksaimniecibas transformétajas zem@s auguSajam apsém — 51,6 + 1,8 %.
Sada pati tendence ir raksturiga ari bérziem — lauksaimniecibas zem@s
auguSajiem berziem sulfatcelulozes iznakums ir nedaudz mazaks
(47,1+15%), salidzinot ar meza zemés slapjainu meza tipa auguSajiem
bérziem — 47,6 + 0,6 %, kas ir butiski mazaks raditajs, ja salidzina ar
sausieni un areni augu$ajiem berziem — attiecigi 48,1 = 0,8 % un
49,0 +1,6 %.
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3.1 tabula/ Table. 3.1.
Sulfatcelulozes iznakums un lignina saturs
Kraft pulp yield and lignin content

v Sulfatcelulozes Lignins
MeZa tips / Koku sug_a/ iznakums, %/ sulfatcelulozg, % /
Type of forest Tree species Kraft pulpyi,eld, % | Ligninin pul’p, %

Sausienis / P.sylvestris 492+1.6 5.72 £0.40
Dry site P.abies 47.7+£2.3 430+1.11
B.pendula 48.1+0.8 1.47 £0.13
P.tremula 52.3+1.3 1.12+0.14
P.contorta 475+1.2 6.87 +0.66
Slapjainis/ P.sylvestris 49.0 £0.6 5.82 +£0.51
Wet mineral siols P.abies 496+0.8 6.17 +0.36
B.pendula 476 +0.6 1.95+0.19
Arenis [ P.abies 48913 6.07 £0.38
Drained mineral soils | B.pendula 49.0£1.6 1.88 +0.08
P.tremula 545+0.8 1.14£0.22
Kiudrenis/Drained P.sylvestris 476+1.3 6.14 £0.36
peaty soils P.abies 49.9+0.6 5.63+£0.10
B.pendula 479+24 1.91+0.53
Sausienis L/z / P.sylvestris 457+1.6 7.71+0.56
Former agriculture P.abies 449 £5.7 3.93+£0.29
lands B.pendula 47.1+15 1.99 +0.53
P.tremula 516+1.38 1.34£0.27
P.tremuloides X P. 51.7+3.0 1.26 £0.30

tremula

Izmantojot jaunas pé&tniecibas iekartas, $aja gadijuma, digitalo $kiedru
dimensiju meriekartu ,FiberTester”, ir iesp&jams atri un kvalitativi noteikt
Skiedru dimensiju parametrus (garumu, platumu, formu, raupjumu; skat.
3.2. tabulu). Noteikts, ka Parastas priedes paraugkoku sulfatcelulozes
Skiedru vidgji svertais garums ir 2,53 + 0,04 mm, bet egles 2,41 + 0,03 mm,
un $1s atSkiribas ir butiskas (p <0,05). Bérza sulfatcelulozes Skiedru vidgji
svertie garumi visiem paraugiem ir 0,98 lidz 1,06 mm robezas, bet meza
augus$ajam apsém no 0,80 lidz 0,94 mm. Bijusajas lauksaimniecibas zemes
augusas apses uzrada butiski (p <0,05) mazaku Skiedru garumu, savukart,
Skiedru platums bitiski (p >0,05) neatSkiras no meZza zemés auguso apSu
$kiedru platuma, kas buitu skaidrojams ar koku vecuma atskiribam.

Vel jaatzimé, ka gan bérza, gan apses sulfatcelulozes Skiedras ir
garakas neka eikalipta sulfatcelulozei (0,80 = 0,01 mm). Tas nozime, ka
Latvija augus$u lapu koku sulfatcelulozes kvalitate un konkurétsp&ja ir
potenciali liclaka. Protams, janem véra arf kvalitates un cenas attieciba, kas
visuma ir par labu raZotajiem, kuri geografiski novietoti vairak uz
dienvidiem, jo eikalipti ir atraudzigi un Ziemelu puslodé esosie koki nespgj
ar tiem konkurét.
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3.2. tabula/ Table 3.2.
Sulfatcelulozes Skiedru dimensiju mérijumi
Measurements of kraft pulp fibres

MeZa augSanas Skiedru Skiedru |Skiedru | Raupjums,
apstaklu tips /  |Koku suga / [garums, mm [platums, um /forma, %/ ug 100m™/
Type of forest  [Tree species|Fibre length| Fibre width,| Fibre |Coarseness,
mm um form, % | ug 100m™
Sausienis / .sylvestris 262+0.16 | 33.3+1.0 [93.4+0.5[187.4+14.1
Dry site .ables 233+0.27| 27.4+0.8 [92.3+£1.3[130.6 +13.4
. pendula 0.99+0.02] 21.0+0.1 [96.0+£0.0] 76.1+2.4
P.tremula 0.78+0.07 | 21.7+1.0 [95.4+0.2 743+9.6
.contorta 229+011] 31.8+2.2 [93.2+1.0[175.3+34.7
Slapjainis / .sylvestris [ 2.67+0.17 [ 33.4+0.4 [93.2+0.5]195.8 +13.2
Wet mineral siols |5 3pjes 280006 274=07 [91.1+05|1458%5.1
B. pendula 1.01+£0.12 | 21.6+0.3 [95.7+0.1| 75.8+2.9
Arenis / P.abies 237+0.13| 253+0.8 [00.8+05|117.7 +14.2
Drained mineral B.pendula 0.98 £0.01 21.8+0.3 [95.9+0.2| 81.5+1.3
soils tremula 095+t004 | 222+04 [9054+02| 83.8+9.6
Kudrenis / .Sylvestris 229+0.26 | 30.8+0.5 [93.5+0.2[{153.4+10.4
Drained peaty soils P.abies 258+0.12 | 286+15 [91.7+£0.7(1443+12.3
.pendula 1.06 £0.06 | 21.5+0.8 [95.8+0.2 79.6 £8.0
Sausienis L/z / .Sylvestris 216+0.19] 34.0+2.0 [93.6 £0.9[173.3+26.6
Former agriculture B -ahies 213+013 | 27919 [93.0+1.9[127.2+19.1
lands Bpendula | 1.09+0.07 | 21.8+0.6 [94.7+038| 91.4%6.6
P.tremula 0.76 £0.05  21.7+0.6 [94.8+0.7( 75.5+9.2
.tremuloides| 0.80 £0.14 | 21.4+0.6 [94.8+0.7[ 721144
X P.tremula

Iespgjams, ka nakotné ar eikaliptu koksni labi vargtu konkuret Latvija

audzetie apses hibridi, kuri jau tagad uzrada labus augSanas atrumus, tiesa -
loti labi sagatavotas augsnésl’ 2 bet ar selekcijas metodeém nakotné ir
iesp&jams iegit tadus apses hibridu klonus, kas tirgli $kiedru ipasibu zina
butu hdzvertigi eikaliptiem.

Ta ka sulfata delignifikacija butiski neietekmé $kiedru geometriskos
parametrus, tad, analiz€jot to atSkiribas, var spriest par meza augSanas
apstaklu ietekmi. Parastds priedes Skiedru garums leriku sausienu un
slapjainu mezu tipos biitiski (p > 0,05) neatSkiras (attiecigi 2,62 + 0,07 mm
un 2,67+ 0,07 mm). Savukart, baitiski (p < 0,05) mazaki ir kiidrenT augusas

1 Gailis A. (2005) Apses selekcijas pétijumi kvalitativas koksnes izaudzeSanai:
Silava, Latvija. [tieSsaite] [skatits 10.11.2011.]. Piecjams:
http ://iwww.lvm.Iv/files/text/apses_selekcija.pdf

2 Daugaviete M. (2004) Koku sugu un augsnes sagatavosanas veida izvéle dazadu
lauksaimniecibas aug$nu apmezoSanai, Faktu lapa LVMI “Silava”.
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Parastas priedes Skiedru garumi un platumi (attiecigi 2,29 + 0,07 mm un
308 + 0,3 pm). Sausiena meza tipa augusSajam eglém Tsakas
(2,33+0,27 mm) $kiedras ir tiem kokiem, kas ir augusi uz 20. gs. 70-jos
gados transformétas lauksaimniecibas zemes.

Domajams, ka tas ir koku nelicla vecuma dél, un tadél koksné ir
proporcionali liela juvenilas koksnes dala. Ka norada literatiiras avoti’, tiesi
juvenilai koksnei raksturigas isakas koksnes $kiedras neka briedumkoksnei.
Salidzinot datus ar literatiira esoSajiem, izskaidrojums, kapéc ir tik zemi
Skiedru fizikalie raditaji, ir koka mazais vecums (10 gadi), kura laika ir
izveidojusies juvenila koksne ar zemiem S$kiedru dimensiju raditdjiem.
Promocijas darba autors uzskata, ka $kiedru fizikalie raditaji ir cie$i saistiti
ar kambija parkoksnéSanas procesiem un koksnes vecumu, t.i., Skiedru
garums pieaug strauji, bet ne lineari koka juvenilaja aug$anas perioda, un
visstraujak picaug Ilidz ar koksnes briedumu. Miisu pé&tjuma, kurda ir
ieklautas vairakas koku sugas ar dazadiem vecumiem, ir iesp&jams Vveikt
koku vecuma un delignificétas koksnes $kiedru garuma korelacijas analizi.

3,000

o+ >XO0
DU LN

2,500
=
2,000 =/

1,500

Skiedru garums, mm
Fiber length, mm

1,000

,500 T T T T T
40 60
Koku vecums, gadi
Tree age, year
3.3. att. Koku vecuma un $kiedru vidéji sveérta garuma korelacija.
Fig. 3.3. Correlation between the tree age and fibre weighed average
length.
Apziméjumi/ Disignations; 1. P. sylvestris, R?=0,348; 2. P. abies, R?=0,596; 3.B.pendula,
R?=0,177;4.P. tremula, R*=0,651,5. P. tremuloides x P. tremula, R*=0,77;6. P. contorta,
R?=0,168.

! Lundgvist S.O. (2003) The EuroFiber Project objectives, layout and general

results: EuroFiber seminar, STFI, Sweden
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3.3. attela redzama korelacija parada, ka pastav vid&ji cieSa sakariba
starp $iem raditajiem atseviS§kam koku sugam — Parastajai eglei (R?=0,596;
p < 005), Parastajai apsei (R*=0651; p < 0,05), apses hibridam
(RZZ 0,773; p < 0,05), respektivi, vecakiem kokiem izveidojas relativi
garakas Skiedras. Savukart, pargjam pétijuma ieklautajam koku sugam §adas
korelacijas nav butiskas, ka ari nav cieSas (R2 =0,01; p > 0,05).

Petot vélinas koksnes ietekmi uz sulfatcelulozes atlgjuma stiepes
stipribu, var novérot (skat. 3.4. att.), ka, picaugot vélinas koksnes $kiedru
daudzumam koksné un Iidz ar to arl no tas iegitaja sulfatcelulozg,
samazinas sulfatcelulozes stiepes stipriba (R? = 0,30, p < 0,05), acimredzot,
koksnes vélino Skiedru biezo sieninu d€l, kas samazina Skiedru elastibu un
saistiSanas spé&ju (Skiedru saskarsmes laukumu, 3.5. att.).

Konstatgjot velinas koksnes Ipatn&ja satura izmainas, pieaugot koka
vecumam, un vélinas koksnes negativo ietekmi uz gatava produkta —
papirmasas stiepes stipribu, var secinat, ka mehaniski stipras papirmasas var
ieglit no jaunakiem kokiem, kuri ir ari atraudzigaki, ar mazu vélinas
koksnes saturu.

60,00 m} 2

50,00 ™

40,007

30,007

Veélinas koksnes saturs, %
Content of latewood, %

20,007

10,00=—T T T T T T T
10,00 20,00 30,00 40,00 50,00 60,00 70,00

Sulfatcelulozes stiepes indekss, Nm g™
Kraft pulp tensile index, Nm g*

3.4.att. Velinas koksnes un sulfatcelulozes stiepes indeksa

korelacija.
Fig. 3.4. Correlation of latewood and kaft pulp tensile index.
Apzim&jumi / Designations: 1 P. sylvestris, R?=0,162; 2 P. abies, R?=0,617.

To var loti labi novérot elektronu sken&josa mikroskopija (SEM), kur
redzams, ka agrinds koksnes S$kiedras péc delignifikacijas saklaujas
(saspiezas), zaudgjot sakotn&jo formu, un labi saistas viena ar otru, turpreti
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velnas koksnes Skiedras savu formu maina maz un slikti saistas ar citam
papirmasa eso$am §kiedram (3.6. att.).

3.5. att. Skiedru saskarsmes vietal.
Fig. 3.5. Fibre bonding area®.

~_

a
3.6. att. Egles koksnes (a) un no tas iegiita papira (b) $kérsgriezumu
SEM attéeli.

Fig. 3.6. SEM images of the cross-sections of spruce wood (a) and the
paper obtained thereof.

Jaatzimé, ka koka sugai, augSanas apstakliem un Skiedru
raksturojumam ir bitiska loma celulozes razo$ana. Pieméram, Skiedras ar
biezakam sienipam ir vairak paklautas mehaniskiem bojajumiem neka
Skiedras ar planakam sieninam, kas ir elasﬁgﬁkasz. Tapat var apgalvot, ka,
picaugot vélinas koksnes ipatsvaram sulfatcelulozes Skiedru masa, pieaug
arl energijas patérin$ Skiedras malot, lai tds malSanas procesa padaritu

! Ragauskas A.J. (2008) Fiber Modification; Kraft-TMP Bonding , lecture,
[tieSsaite] [skatits 10.11.2011.]. Pieejams:
http ://lwww.ipst.gatech.edu/faculty /ragauskas_art
[technical_reviews/Fiber%20Bonding%20presentation.pdf

2 Nyholm K., Ander P., Bardage S., Daniel G. (2001) Dislocation in pulp fibres —
their origin, characteristics and importance — a review: Nordic Pulp and Celer
Research Journal, 16 (2001) 4, pp. 376- 384.
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elastigakas  (saspiestu Skiedru lumenu). Skatoties no kvalitativa
rakstampapira razo§anas viedokla, nav vélams liels vélinas koksnes $kiedru
saturs taja. Tapat svarigi ir nepielaut vélinas koksnes $kiedram nokliit papira
virs€jos slanos, jo tadejadi tiek palielinats paptra virsmas raupjums un
samazinata tintes vai krasas uzstuktsp&ja (papira apdrukasanas rezultata var
tikt radits brakis — krasa neuzklasies ar vienadu intensitati). To panak ar
vairakslanu papira razo§anas un papira parklaganas tehnologijam. Tadéel ari
ekonomiski izdevigak biitu razot celulozi un papiru no koksnes, kurd ir
mazs vélinas koksnes saturs.

Visu pétjuma ieklauto koku sugu papirmasas mehanisko stipribu un
baltumu mérfjumi atainoti 3.3. tabula, kura redzams, ka nebalinatai skuju
koku sulfatcelulozei ir augstaka stiepes un caurspieSanas stipriba, turpret
papirmasas baltums ir butiski zemaks.

3.3. tabula/ Table 3.3.

Nemaltas sulfatcelulozes atlejumu mehaniskas un optiskas ipasibas
Mechanical and optical properties of unbeaten Kraft pulp handsheets

Stiepes _

indekss, CaurspieSanas Pzg:;umrﬁssas

Meza tips / Koka suga / Nm g™/ indekss, 1SO %/

. H 2 -1 (o]

Forest type Tree species Ten5|le kPg m°g-/ Brightness
index, Burstindex, kPa 1SO % '

Nm g-l m?2 g-l (Y
Sausienis / P.sylvestris 19+1 0.68 +0.07 36.0£0.8
Dry site P.abies 35+9 1.62 +£0.60 38.1+1.7
B.pendula 17 +£2 0.51 +0.02 39.0+3.4
P.tremula 26+ 3 0.72+0.13 51.2+0.2
Slapjainis/ P .sylvestris 181 0.63+£0.04 29.9=0.8
Wet mineral P.abies 22+5 0.84 +0.25 36.9+04
soils B.pendula 18+ 1 052 £ 0.04 36.7+13
Arenis/ P.abies 28+1 1.19+0.14 30.9+0.8
Drainedmineral [ B.pendula 13+2 0.50+0.02 38.9+4.1
soils P.tremula 19<5 0.56 = 0.04 477+33
Kudrenis/ P.sylvestris 22+14 0.77+0.21 314+1.0
Drained peaty P.abies 26 £4 1.02+0.20 341=x18
soils B.pendula 14 +5 0.50£0.01 39.1+£28
Sausienis L/z/ P.sylvestris 37+2 1.85+0.03 30.4+£35
Former P.abies 47 +£9 2.56 +0.87 40.6 £0.3
agriculture B.pendula 23+3 0.72+0.13 38.2+1.2
lands P.tremula 30+6 0.88 = 0.25 53.4+0.8
P.tremuloides X 29+5 0.82+£0.16 51.5+2.0

P.tremula

Sausienu un bijusajas lauksaimniecibas zemes augusas apses un apses
hibridu sulfatcelulozes uzrada lielakus (p < 0,05) mehaniskas stipribas
raditajus neka arenu mezos auguSie paraugkoki. Arenl augu$as apses

22



sulfatceluloze uzada ne tikai zemus mehaniskos raditajus, bet arl
vismazako baltuma pakapi (44,6+0,7 %). Savukart, sulfatceluloze, kas
ieglita no lauksaimniecibas zemes augus$ajam apsém, uzrada augstu baltuma
pakapi (63,4 + 0,8 %) un ari loti augstus raditajus stiepes stipriba
(30,0+69Nmg™) un caurspiesanas stipriba (0,88 + 0,25 kPa m? g%), kas ir
lielaki par sulfatcelulozes mehaniskajiem raditajiem, kas iegiiti no sausient,
slapjaini, kiidrenT augu$am priedém. Plantacija auguso bérzu sulfatcelulozes
uzrada butiski lielakus (p < 0,05) mehaniskas stipribas raditajus (Stiepes
indekss 237 + 34 Nm g' un caurspiesanas indekss —
0,72 + 0,13 kPa m? g!), salidzinot ar meza zemes augus$o bérzu papirmasas
mehaniskas stipribas raditajiem. Turklat jaatzimé, ka mehaniskas stipribas
pieaugums, attiecigi, ir par 12 un 26 %, kas ir loti nozimiga starpiba papiru
razo$anas industrija. Areni augu$o bérzu sulfatceluloze uzrada viszemakos
mehaniskos raditajus (stiepes indekss 13,6 = 2,3 Nm g™ un caurspiesanas
indekss — 0,52+ 0,02 kPa m? g'l). Veletos atzimét, ka areni un kudreni
augu$o beérzu sulfatcelulozes uzrada butiski (p < 0,05) vismazakos
sulfatcelulozes stiepes indeksus pie vieniem un tiem paSiem caurspieSanas
indeksu rezultatiem. Domajams, ka tas ir Skiedru slaiduma dgl, jo bérz, kuri
augu$i kudrena meza tipa, uzrada visliclako Skiedru slaidumu
(49+4mm mm'l) un Skiedru raupjumu (79,6 + 8,0 mg m'l). Tas zinama
mera sasaucas ar Hora péﬁjumieml, kuros, piclietojot multiplas regresijas
analizi, ieguva Skiedru garuma L un atlieta papira caurspieSanas stipribas X
regresijas vienadojumu:

X =-1894 +37,50 * L (R® = 0,694).

P&tot berza, apses un apses hibrida Skiedru garumu un caurspieSanas
stipribu, tika iegiiti sekojos$i regresijas vienadojumi:

Xg =-0,167 + 0,735 L (R® = 0,204, p < 0,05);

Xa=1,705 — 1,132 L (R? = 0,176, p < 0,05);

Xua = 1,223 — 0,518 L (R? = 0,008, p < 0,05).

Salidzinot iegiitas sakaribas ar Horna iegiito, var secinat, ka atSkirigdm
koku sugam Skiedru garuma ietekme uz caurspieSanas stipribu ir dazada.
Pieaugot Skiedru garumam, b&rza papirmasas caurspieSanas stipriba
palielinas, savukart, apsei un apses hibridu papirmasai caurpie$anas stipriba
samazinas. No iegiitajiem vienadojumiem var secinat, ka miisu pé&tjuma
ieglitas sakaribas ir butiskas, tacu tas nav tik cieSas, k& Homa iegutais
vienadojums. Domajams, ka tas ir misu petjuma ieklautas lielas
paraugkopas dgl, jo Homs savos pétfjumos ir petijis vairakas koku sugas,
tacu ar mazaku atkartojumu skaitu.

! Horn A.R.(1978) Morphology of pulp fiber from hardwoods and influence on celer
strength: Forest products laboratory, forest service, U.S. department af agriculture,
Madison. [tieSsaite] [skatlts 10.11.2011.]. Pieejams:
www.fpl.fs.fed.us/documnts/fplrp/fplrp312.pdf
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3.4. Korelacijas starp tievkoksnes un no tas iegiitas sulfatcelulozes
ipaSibam

Pieaugot lignha saturam koksn&, samazinas celulozes saturs koksné
un [idz ar to ari sulfata delignifikacijas procesa lietderigi iegiitais
sulfatcelulozes iznakums. Sulfatcelulozes iznakums ir mazaks par analitiski
nosakamo KirSnera celulozes saturu, sakara ar tas destrukciju
delignifikacijas procesa, un visam pé&tjuma ieklautajam sugam celulozes
destrukcija notiek Iidzigi (2 — 4 %), kas atspogulots 3.7. attela.
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3.7. att. Kir§nera celulozes satura koksné un s ulfatcelulozes iznakuma

korelacija.

Fig. 3.7. Correlation of Kuerschner celullulose content in wood and Kraft
pulp yield.

Apzim&jumi/ Disignations: 1. P. sylvestris; 2. P. abies; 3. B.pendula; 4. P. tremula; 5. P.

tremuloides X P. tremula; R? = 0.580.

P&tot koksnes vecuma ietekmi uz sulfatcelulozes atlgjumu stiepes
stipribu (skat. 3.8. att.), var novérot, ka visam koku sugam, palielinoties
koka vecumam, papirmasas stiepes stipribas indekss samazinas. Arl §1
iemesla d&l butu ieteicams sulfatcelulozes iegiSanai izmantot jaunakus
kokus vai to dalas (aplievas dalas, koku galotnes dalas vai ari sortimentus
no audzes kopSanas cirsmam).

Tapat 3.8. att€la var rast apstiprinajumu faktam, ka lauksaimniecibas
zem@s augusas apses un apses hibridu papirmasas uzrada augstaku stiepes
stipribas indeksu, salidzinot ar meZza zem@s augu$ajam priedém. Ta ir
at§kirigo koku vecuma ietekme, jo, pieaugot koku vecumam 3 reizes,
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papirmasas stiepes indekss samazinas 2 — 2,5 reizes (p < 0,05). Jaunakiem
kokiem papirmasas $kiedras ir mehaniski stiprakas, un tapéc no $kiedru
stipribas viedokla papimalku ir izdevigak ieglit no meza pirmgjas
retinaSanas, vai arl ierikot atri augoSas plantacijas. Tas zinama mera
sasaucas ar skandinavu kolegu ,,EuroFibre” pétijumu rezultatiem®, kur vini
secinaja, ka no koksnes aplievas dalas (jaunaka koksnes dala) var iegit
mehaniski stiprakas $kiedras. P&c paSreizgjiem pétijumu rezultatiem
reczlzams, ka koku vecums mazak ietekmé bérza papirmasas stiepes indeksu
(R° =0,06).
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3.8.att. Koka vecuma un sulfatcelulozes stiepes pretestibas indeksa
korelacija.
Fig. 3.8. Correlation between the tree age and Kraft pulp tensile strength
index.
Apzim&jumi/ Disignations: 1 P. sylvestris, R?=0,282; 2 P. abies, R*=0 458; 3 B.
pendula, R>=0,008; 4 P. tremula, R>=0,339, 5. P. tremuloides X P. tremula, R?=0,434.

Tomer janem vera to, kada papira vai kartona produkcija tiek razota un
kada ir izejmaterialu cena. Ka rada talak aprakstitie p&tjumi, jaunaku koku
izmantoSana sulfatcelulozes razoSanai ir saistita ar lielaku koksnes pat€rinu
1 t sulfatcelulozes ieguvei. Lidz ar to, svarigi ir apréekinat koksnes apjoma
patérinu, lai ieghtu 1 tonnu sulfatcelulozes (KP;). Tas ietver gan
sulfatcelulozes iznakumu, gan arT koksnes blivumu, un ir proporcionals
varkatla razibai.

! Lundgvist S.O. (2003) The EuroFiber Project objectives, layout and general

results: EuroFiber seminar, STFI, Sweden
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Ka rada iegutie dati, koka suga batiski (p < 0,05) ietekmé ipatng&jo
koksnes patérinu sulfatcelulozes ieguves procesa (skat. 3.9. att.), un
vismazikais tas ir bérziem (3,3 =04 m° t1).

Ipatn&jais koksnes patérin$ ir lielaks jaunakiem paraugkokiem. Egles
un Parastas priedes paraugkokiem novérojama vislielaka ipatn&ja koksnes
patérina izkliede 3,0 - 5,8 m t2, Augsto Tpatn&jo koksnes patérina izkliedi
dalgji var skaidrot ar meza augSanas apstaklu ietekmi (transformétas
lauksaimniecibas zemes, ka ari plantacijas, kas ierikotas uz tada paSa tipa
zemém), jo minétajas meza zemes auguSie koki uzrada lielaku picaugumu,
kas ari nozZimé planaku sienipu Skiedras, kas satur salidzino$i vairak
1ignTna1.
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3.9.att. Tpatngjais koksnes patérin$ dazadim koku sugam 1t
sulfatcelulozes iegiiSanai.
Fig. 3.9. Specific wood consumption for production of 1 t of pulp from
different tree species.

Lidz ar to atraudzigiem (jaunakiem) kokiem delignifikacijas procesa
noveérojams palielinats Ipatn&jais koksnes patérins, salidzinot ar vecakiem
kokiem. Razojot papiru, butiski ir zinat gan $kiedru garumu, gan platumu,

! Oluwafemi O.A., Sotannde O.A. (2007) The Relationship Between Fibre
Characteristics and Pulp-sheet Properties of Leucaena leucocephala (Lam.): Middle-
East Journal of Scientific Research 2 (2): 63-68.
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jo Sie parametri biitiski ietekmé produkta kvalitati. Sagrupé&jot delignific@tas
koksnes $kiedras péc to garuma un platuma, veidojas piecas grupas:

1. Starp izpétito Parasto un Klin§kalnu priezu koksnes S$kiedru
dimensijam nav noveérojamas statistiski biitiskas atSkiribas. Tadg] var teikt,
ka no $kiedru morfologijas viedokla tas ir lidzigas izm€ros un, salidzinot ar
citam pétjuma ieklautajam koku sugam, ir visplatakas 32,5+0,2 ym, un to
garums sasniedz 2,18 + 0,04 mm;

2. Egles sulfatcelulozes $kiedras ir visgarakas - 2,46 = 0,03 mm, bet
ar mazaku platunu - 27,2 + 0,1 um;

3. Beérza S$kiedru garums ir 1,00 = 0,03 mm, un to platums ir
215 +0,2 um;

4. Apses Skiedru garums ir 0,86 + 011 mm, bet platums
219 £0,6 pm;

5. Apses hibridu $kiedras (0,75 + 0,11 mm) statistiski butiski
(p <0,05) 1sakas par Parastas apses $kiedram; savukart, nepastav butiskas
(p >0,05) at$kiribas starp min€to koku sugu sulfatcelulozes S$kiedru
platumiem (21,4 +0,6 um).

Lidz ar to, no Skiedru izméru aspekta, tadas pasas grupas var€tu iedalit
arm papirmalku, to eksport€jot un parstradajot. Nemot veéra KlinSkalnu
priezu un apses hibridu pieauguma atrumu, Iidz ar to, arf iesp&jamo audzes
so rotacijas laiku, minétas koku sugas ir konkurétsp€jigas ar dienvidu
puslodé augosiem kokiem (eikaliptiem).

JapieZimé, ka augsts koksnes blivums zagmaterialu razotajiem nozimé
produktu ar augstu stipribu. Celulozes razotajiem tas norada, ka no viena un
ta paSa koksnes apjoma var iegiit lielaku produkta (celulozes) iznakumu,
salidzinot ar zema blivuma koksni. Tau visam ir savas robezas, jo koksne
ar parak augstu blivumu (> 600 kg m™), it 1pasi lapu koku sugam, ir tikpat
nevélama ka zema blivuma (<400 kg m'3) skuju kokiem. Ta pieméram, ja
koksne ir ar blivumu lielaku par 600 kg m®, mebeles un eku konstrukcijas ir
parak smagas, biezi arT parmerigi stipras, un savienojumu vietas var klat
valigas, ja koksne izziist. Papira raZotajiem raupjas Skiedras nozimé ari
pagarinatu $kiedru mal$anas laiku, lai Skiedras fibrillétu un iegtitu blivu
papiru, kura veidotos stipras starpskiedru saites.

3.5. Tievkoksnes izmanto§anas sulfatcelulozes raZoSanai ekonomiskais
novertéjums

Veikti aprékini, lai novertétu tievkoksnes izmanto$anu sulfatcelulozes
razoSanai arl ekonomiski. Ka alternativa metode S$kiedru iegtiSanai tiek
izskatita kimiska termomehaniska masa (angl. CTMP, kas ir starptautiski
pienemts saisinajums).

Koku audzé$anas ekonomiska pamatojuma aprékina no meza
ipas$nieka viedokla izmantoti taksacijas dati (krajas pieaugums gada laika)
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par krajas veidojoSo valdoSo sugu un pétfjuma raksturoto attiecigo koku
sugu sulfatcelulozes iznakumi. Literatiira ir atrodami dati par koksnes, kas
paredzeta papimasas Skiedru, ka art MDF, HDF un OSB platpu iegii§anai,
picaugumu atrumiem. Urugvaja® lapu koku pieaugums ir ap 40 m® ha;
Dienvidsomija — 54m° ha® un Dienvidzviedrija — 59m>ha™. Visvairak
koksnes no ha gada laika Latvija var iegiit no apses hibridu plantacijam,
kam raksturigs iss audzes rotacijas cikls 8 — 12 gadi, kur koksnes pieaugums
ir 20 m*> ha? . Salidzinot ¥o0s pasus datus skuju kokiem, to pieaugums®
Urugvajas meZos ir ap 35 m® ha?; Dienvidsomija — 50 m® ha® un
Dienvidzviedrija — 5,9 m® ha™. legtitie dati liecina, ka lauksaimniecibas
zemes augusas egles un priedes uzrada par 70 % augstaku picaugumu,
salidzinot ar Skandinavijas skuju kokiem. Tacu Latvija meZza zemés augosie
skuju koki uzrada zemakus koksnes pieaugumus, parrékinot uz vienu
hektaru meza zemes - 2 — 3 m® ha.

Lai aprékinatu ieguvumu no meza platibas, salidzina$anai izmanto
datus par to, cik daudz sulfatcelulozes potenciali iegitu no viena ha meza
platibas. Salidzinasanai izmanto armi Kimiskas termomehaniskas masas
(CTMP) cenu 530 EUR t™ pie masas iznakuma 90 %. Pienem, ka mizas
tilpums kokiem ir 15 %, ko nem véra, korig€jot krajas apjomu, koksni
parstradajot kimiski (sulfatceluloze) vai Kimiski-mehaniski (CTMP).
Izmanto arT promocijas darba iegiitos koksnes blivumus attiecigajos meza
tipos.

Lai novertétu ekonomisko potencialu ari naudas izteiksme, aprékinos
izmanto pétjuma veikSanas laika aktualo ,,EUWID pulp and paper”
informativo biletenu Nr.41, kur sniegtas 2011. g. 3. ceturkSna cenas’. Saja
perioda skuju koksnes sulfitcelulozes cena ir 700 EUR t*, bet lapu
koksnes — 575 EUR t™. Aprekinats arT potencidlais ieguvums, ja koki tiek
eksportéti ka papirmalka, aprékinos izmantojot ,.StoraEnso” papirmalkas
iepirk§anas punkta cenas Jaunmilgravja krautuvé 01.11.2011°; skuju
koksnes papirmalkas cena 32 EUR m?, lapu koksnes papirmalkas —
25 EUR m®.

Veikts vienkarSots aprékins, nemot veéra tikai to, ka sulfatcelulozes
tieSajas izmaksas koksnes iegades izmaksas sastada ap 40 %, bet Kimiski-

! Anasaharju A. (2007) Chalanges for the pulp and paper industry in Finland, Paper,
packaging & forest products, 8 November. [tie$saite] [skatits 10.11.2011.].
Pieejams: http:/lwww.metla.fi/tapahtumat/2007/barents/presentations/ansaharju.pdf
2 EUWID, (2011) EUWID Price Review Germany third quarter 2011, Pulp and
paper, informativais biletens, Text no.: 002 Issue PP41/2011 Publication date:
12.10.2011. [tiessaite] [skatits 10.11.2011.]. Pieejams: http://www.euwid-paper.com
8 Stora Enso [tieSsaiste] [skatits 30.10.2011.] Pieejams:
http://www.storaenso.com/wood-forest/wood-sup ply -baltic/latvia-region/ms-
prkam/Pages/stora-enso-mes-ieprk.aspx
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termomehaniskas papirmasas CTMP razotné — ap 30 %. Sajos apréekinos
nav nemtas vera kapitala izmaksas. Pienemts, ka meza ipaSniekam pieder
koksnes parstrades ripnicas akcijas (Ziemelvalstu meza Tpa$nieku
kooperativu modelis).

Parrekinot koksnes picaugumu naudas izteiksmé, ir redzams, ka,
parstradajot koksni termomehaniskaja masa (angl. CTMP), ir iesp&jams giit
lielakus finansialus ienakumus, salidzinot ar sulfatcelulozi. To nodroSina
lielaks papirmasas Skiedru iznakums un nelielas papirmasu $kiedru cenu
atSkiribas. Te gan japiebilst, ka termomehaniska masa ir niSas produkts ar
ierobezotaku pielietojumu, salidzinot ar sulfatcelulozi. Vismazak lidzeklu,
no meza ipas$nieka viedokla, var iegiit, koksni pardodot kada no kokostam
ka papimalku eksportam. Tafu visvairak [dzeklu var iegut, koksni
parstradajot termomehaniskas masas Skiedras. Tiesa, pozitivi ir javerté
fakts, ka pielietojot sulfatcelulozes razoSanas tehnologijas, nepastav koku
sugu limitacija dotajai tehnologijai, ka tas ir CTMP.

Naudas izteiksmé meZa IpaSnieka potencialais ieguvums samazinas,
koksni pardodot sekojo$a virziena: termomehaniska masa (CTMP),
sulfatceluloze, papirmalkas eksports. Ari papirmalkas eksports uz citu
valsti, pari Baltijas jurai, rezult€jas ar tas parstradi sulfatcelulozes vai
termomehaniskas masas razotng, ta¢u visi ienakumi tad nokliist attiecigo
razotnes Ipasnieku rokas, ka arf attiecigas valsts budzeta nodoklu veida.

Vislielako pienesumu koksnes picauguma un finan$u zna var iegiit no
lauksaimniecibas zemg izveidotam plantaciju tipa mezaudzeém — tas var biit
343 EUR ha’l, parstradajot koksni sulfatcelulozg, 415 EUR ha'l, ja koksni
parstrada termomehaniskaja masa.

Apses hibridu Tsais audzes rotacijas cikls ir pamatots ne tikai ar
ieglistamas sulfatcelulozes augstajiem mehaniskajiem raditajiem, bet art
finansiali — pie 1sa audzes rotacijas cikla ir iesp&jams iegit art vislielakos
ieguvumus naudas izteiksmé (parstradajot to sulfatcelulozeé 957 EUR ha
un CTMP skiedras — 1156 EUR ha™).

Ekonomiskie aprékini par papirmalkas izmanto$anu platnpu razoSana
nav veikti sakara ar attiecigo datu trikumu un tap@c ari tas netika izvirzits
ka darba uzdevums Saja petjuma.

SECINAJUMI UN PRIEKSLIKUMI

Analiz€jot Latvija iegilistamas tievkoksnes sortimentus un iegiistot
virkni mérfjumu datu, var izdarit vairdkus secinajumus un sniegt
priek§likumus mezsaimniekiem un koksnes parstradatajiem.
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Secinajumi

1. Latvija ieghstama tievkoksne ir piemerota sulfatcelulozes
razo$anai ar labam mehaniskajam ipas$ibam un $kiedru geometriskajiem
parametriem.

2. Veiktais pétjums ir viens no koksnes zinatnes soliem mérktiecigas
saiknes veido$ana starp koku augS$anas apstakliem un v&lama produkta
(misu gadijuma sulfatcelulozes un papira) ipa§ibam. Nozimigakie faktori,
kas ietekmé sulfatcelulozes un tas papira atlgjumu ipasibas, ir koku
augSanas apstakli, koksnes blivums, $kiedru garums, ka ari celulozes saturs
koksné un celulozes polimerizacijas pakape.

3. Lauksaimniecibas zemés auguso koku sulfatceluloze uzrada butiski
lielaku papira atléjumu mehanisko stipribu, salidzinot ar meZa zemgs
augusajiem kokiem. Starpiba var sasniegt pat 23%. Latgales regiona Maltas
mezniecibas no lauksaimniecibas zemes transformétaja sausiena meza
augusam eglém ir paaugstinats lignina un pelnu saturs, salidzinot ar tuvuma
eso$am sausiena meza eglém (attiecigi 29,5% un 0,29% pret 28,3% un
0,23%).

4. Meza augSanas apstakli ietekmé priedes, egles, b&rza un apses
koksnes blivumu. P&tfjuma robezas lielaks blivums ir konstatéts priedém,
kas auguSas sausienu un slapjainu mezos (attiecigi 615,9 + 8,3 kg m® un
6184 + 84 kg m?®), ka arT berziem sausienu meZos (677,0 + 84 kg m?).
Eglem liclakais koksnes blivums ir novérojams slapjaipu mezos
(545,6 +84 kg m*®), savukart, apsei— arenu meos (532,3 +5,9 kg m?).

5. Apses hibridu nemaltas sulfatcelulozes atlgjumu stiepes pretestibas
indekss ir robezas no 27,2 idz 34,9 Nm g'1 un caurspie$anas indekss ir
robezas no 0,68 fidz 0,93 kPa m’ g'l, kas var konkurét pat ar skuju koku
celulozi.

6. Ir noverojama tendence, ka arena un sausiena mezos var iegit
koksnes paraugus ar lielaku Kimiski twds celulozes saturu koksng, kas
attiecigi sasniedz 52,2 + 0,3 % un 51,4 + 0,3 %, savukart, mazaks celulozes
saturs ir lauksaimniecibas zem@s ierikotajas mezaudz€s un plantacijas.
Izvéleto paraugkoku gadijuma meza augSanas apstakli ir ietekm@jusi
ekstraktvielu saturu koksné.

7. Plantacijas augusie jaunie apses hibridi (9 + 2 gadi) uzrada lidzigu
tiras celulozes saturu koksné (52,2 + 04 %) ka sausienos ilgak
(44 + 18 gadi) augusas Parastas apses (52,2 + 0,6 %). Apses hibridi ar liclo
pieaugumu un augsto celulozes saturu ir perspektivi koki, ko ir iesp&jams
audzet Latvija, lai konkurétu ar dienvidos audzetajiem eikaliptiem.

8. Koksnes analizes iekarta ,SilviScan” ir efektivs instruments tajos
gadijumos, kad janoskaidro koku augSanas ,vesture” un tiek veikta
merktieciga koku audzeéSana noteiktam vajadzZlbam un izmantoSanas
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veidam, pieméram, attistot hibridus (piem@ram, plantaciju koku audzeé$ana
ripniecibas vajadzibam).

9. Pelnu daudzums ir palielinats kokiem, kas augu$i kadreizgjas
lauksaimnieciba izmantoto zemju platibas, Iidz ar to varétu spriest, ka no
zemes koki ir uznémusi vairak mineral- un mikroelementus.

Priek§likumi

Augstakminétie secinajumi lauj izvirzit sekojoSus priekslikumus:

1. Koku sugu relativi isas audzes rotacijas un sulfatcelulozes skiedru
un tas augsto mehanisko stipribu dgl, rekomend&ju apmezoSanai izmantot
LVMI ,Silava” un AS ,LVM” stadaudzttavas izveidoto apSu hibridu
klonus un introducétas Klinskalnu priedes stadus.

2. Apses hibridu audzes rotacijas ciklu rekomend&ju noteikt 8 — 10
gadu garu, jo $aja laika ir izveidoju$as mehaniski stipras koksnes $kiedras,
ka arT ir iesp€jams iegiit vislielakos ieguvumus naudas izteiksme. JaatzZime
arm apstaklis, ka sénu bojajumiem nenoturigam koku sugam (ka tas ir
raksturigs apsém un apses hibridiem) isaks audzes rotacijas cikls, nozime
arm potenciali mazakus s€nu nodaritos kait€§jumus (mazaks trupes sénu
ekspozcijas laiks, lai koksnei nodaritu kaitéjumu — Kvalitates zudumus).

3. Petijumus nepiecieSams turpinat, lai noskaidrotu mikrofibrillu
lenku izmainas ietekmi uz tievkoksnes kvalitati. NepiecieSams arT
noskaidrot, ka koku S$kiedru geometrisko parametru (Skiedru sieninas
biezums, lumena laukums, to savstarp€ja attieciba) izmainas ietekme
koksnes mehaniskas 1paSibas. Tadgjadi biutu iesp&jams, izmantojot
merktiecigus mezsaimnieciskos pasakumus, ieglit koksni ar konkrétam
produktam nepiecieSamo kvalitati.
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1. GENERAL CHARACTERIZATION OF THE WORK

Topicality of the theme

The wood resources available in the forest represent one of the some
types of resources on the globe, which have the ability to renew. According
to the Forest statistics inventory data, in Latvia, forest lands occupy about
3.8 million ha, which makes up slightly more than 56.9 % from the state
territory (Forest statistic inventory’s cycle 1 (2004 — 2008)). Latvian stands
are formed mainly by three tree species: pine, spruce and birch. Their stands
together occupy 86 % from the whole forest area. The share of stands of
aspen and other deciduous tree species in Latvia grows, because agricultural
lands continue to grow up with deciduous trees, and a part of the land used
in agriculture is systematically afforested. Besides, private forest clearings,
where artificial forest renewal measures have not been carried out, are
renewed with deciduous tree pioneer species. The growing popularity of
aspen hybrids as a planting material should be also mentioned, because they
achieve the cutting diameter faster and have a greater precocity than the
,parents” — Common aspen (P.tremula L) and American aspen (Populus
tremuloides Michx.).

In Latvia’ forests, about 30 % of the stored up round timber is formed
by small diameter trees, although the properties of such trees (pulpwood)
and their products in Latvia are scarcely investigated. To a known extent,
this is explained by the fact that, for the most part, small diameter wood are
exported as pulpwood, which is not processed in Latvia; therefore, this
assortment group has not gained the sufficient attention of researchers and
manufacturers. However, there is no justification to the fact that there is
scarce knowledge on the high volume (more than 3 million m* per year')
export commodity. Besides, an increasingly greater part of pulpwood,
especially conifers, is used in Latvia as small diameter sawlogs and as the
raw material for the production of boards and other composite materials.

Undoubtedly, in principle, Latvian pulpwood are suitable for the
production of Kraft pulp. In foreign pulp mills, especially those in Sweden,
about 3 million m* of the pulpwood of Latvian origin is processed to Kraft
pulp and wood chips each year. In companies such as ,M-real”, ,,Holmen”,
,Domsjo” and others, from the pulpwood that are imported from Latvia and
other Baltic states, thermomechanical, chemi-thermomechanical paper pulp
and Kraft pulp are produced for chemical processing (for nitrocellulose and
fibre production), although most of Kraft pulp is used for papermaking..
However, this practice does not testify much on the specific properties of
Latvian pulpwood, important in the competition on the markets. It is
because, firstly, the imported pulpwood in many Scandinavian mills is a
relatively small (about 5 — 15 %) additive to the local raw material group;
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secondly, the counterflow of information from the pulpwood consumers in
Sweden and other countries is very scarce and incomplete. Similarly to how
it is done in Sweden, also in Latvia, we have to elucidate ourselves the
properties of our wood so that to use this knowledge both to supplement the
theoretical luggage and also practically in timber market conditions.

Scientific nowelty of the work

For the first time, the properties and chemical composition of the
pulpwood obtained in Latvia is studied systematically and comprehensively.

For the first time, the properties of the aspen hybrid (Populus
tremuloides X Populus tremula) wood selected in Latvia and its Kraft pulp
are studied.

For the first time, the chemical composition of the Lodgepole pine
(P.contorta) wood grown in Latvia and the properties of the Kraft pulp
produced thereof are studied.

Correlations between the characteristics of forest pulpwood and the
Kraft pulp produced thereof are determined.

For the first time, a sample of the birch wood grown in Latvia is
analyzed on a ,SilviScan 3” device, determining a whole range of wood
parameters in separate annual rings.

A novel procedure of annual ring measurement is developed, which is
applied in the research process at the LS Institute of Wood Chemistry.

An method for wood consumption calculations is developed for the
comparison of wood processing technologies.

Practical significance of the work

New knowledge of the properties of Latvian forest pulpwood enhances
the competitiveness of both the forest owners and processing companies,
and sellers. At present, already many European pulp and paper mills, as
well as some boards’ manufacturers follow the provenance of their raw
material — wood, taking into account not only the legal side of the wood
provenance, but also the forest type and the tree growth conditions. Hence,
owing to the studies, recommendations are given to forest owners in respect
to forest area renewal, evaluating the properties of the tree species and their
differences.

Potentialities of the new, digitalized and automated research
equipment (,,SilviScan 3” and Lorentzen & Wettre ,FiberTester”) for
elucidating the properties of Latvian wood are demonstrated.

The obtained data on Latvian forest pulpwood and the Kraft pulp
produced from them are used in university textbooks. These data can be
used also in the future, when the researchers and practitioners show an
increased interest in the pulpwood and its use in biorefinery, pyrolysis,
delignification and other processes.
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Aim of the study
The aim of the study was to assess the suitability of the tree species
grown in Latvia for Kraft pulp production.

Practical tasks of the work

- To elucidate the physical properties and the main chemical
components’ indicators of the forest small diameter trees (pulpwood) grown
in different regions and forest growth types of Latvia.

- In laboratory conditions, to produce Kraft pulp and to elucidate its
physical and chemical parameters.

- To elucidate the possible regularities between the wood and Kraft
pulp parameters, and to assess the suitability of the pulpwood Latvia
obtained for Kraft pulp production.

Structure and wlume of the Doctoral thesis

The Doctoral thesis subordinates the tasks of the study and consists of
the 6 chapters:

Chapter 1. Review of the literature on the chemical structure and
composition of wood, as well on the factors that influence those changes.
Also one of the research methods for the comprehensive studies of wood
using a ,,SilviScan” device is considered.

Chapter 2. The materials and methods applied in the study are
described.

Chapter 3. Rsults of the study on the effect of the physical properties
and chemical composition of coniferous wood and the Kraft pulp produced
thereof, the tree species and growth conditions on the properties of wood
and paper pulp, are given.

Chapter 4. Results of the studies on the physical and chemical
composition of deciduous wood and the Kraft pulp produced thereof, in
which the effect of the tree species and growth conditions on the properties
of wood and paper pulp is elucidated, are presented.

Chapter 5. The most important correlations between the properties of
pulpwood and Kraft pulp are considered.

Chapter 6. Economic assessment of the use of pulpwood for the
production of Kraft pulp, in which an economic evaluation of the processing
of pulpwood is given, taking as a basis the rate of wood increment and the
market price of the obtained product.

The Doctoral thesis consists of 125 pages, on which information is
summarized in 66 figures and 32 tables. 174 literature references are used in
the work.
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2. MATERIALS AND METHODS OF THE STUDY

Coniferous and deciduous sample trees from 7 different Latvia’s
regions and 5 forest growth conditions were used to fulfil the tasks of the
Doctoral thesis. In connection with the afforestation of agricultural lands,
sample tree fields are established also in these lands. Sample trees of Scots
pine (P. sylvestris), Norway spruce (P.abies), Silver birch (B.pendula),
Common aspen (P.tremula), aspen hybrids (P.tremuloides x P.tremula) and
Lodgepole pine (P.contorta) are included in the study. A total of 130
sample trees are analyzed.

The determination of the chemical and physical parameters of wood as
well as the production of Kraft pulp and its characterization were carried out
using the stem’s part at the height from 0.0 to 1.3 m:

Unit | (0 — 0.5 m) was used for tree age determination and reserve;

Unit 1l (0.5 — 1.0 m) — for wood density determination;

Unit 1l (1.0 — 1.3 m) — for Kraft pulp production, for determining the
chemical composition of wood, and annual rings’ width and latewood
determination.

2.1. Determining of the physical and chemical properties of wood

The physical and chemical composition of wood was determined
according to the elaborated scheme (see Fig. 2.1.), formed based on the
requirements of the TAPPI, DIN, EN standards, in the logical sequence of
their realization.

Wood moisture was determined, drying the wood at a temperature of
103+ 2 °C, according to the requirements of the TAPPI 258 om — 94 and
DIN 52 183 standards.

Content of sapwood and heartwood

Pine wood was stained with a benzidine solution™.

The spruce heartwood is distinguished from sapwood by applying a
bromocresol green indicator?.

Wood density p was determined according to the DIN 68 364 and
TAPPI 258 om — 94 standards, conditioning the samples in a standardized
climate (23+1 °C and % 50 + 2 %) in compliance with the DIN 50 014-
20/65-1 standard.

! Jurchenko V.N. (1985) Osnovi nauchnih issledovanii: St.Petersburg, LTA, 150 p.
(in Russian)

2 Sanderman W., Hausen B. (1967) Orientierende Versuche zur Differenzierung von
Splint und Kern sowie zum Sichtbarmachen der ubergangzone von Fichte un
anderen Nadelholzen. Das Papier 21, 349-354.

35



Wood extractives were determined according to the TAPPI 204om —
88 standard, and an alcohol-benzene mixture was used.

Cellulose content (according to the Kurschner - Hoffner method)
was determined according to the requirements of the TAPPI 203cm — 99
standard, in 95 % ethyl alcohol (C,HsOH) and concentrated nitric acid
(HNO3) solution (4:1).

Ash content was determined gravimetrically according to the
requirements of the TAPPI 21lom — 93 standard, as a residue after the
wood heating at the temperature of 575 + 25 °C.

Lignin content was determined according to the requirements of the
TAPPI 222om - 98 standard, Klason (insoluble in sulphuric acid) lignin
determination.

Kraft pulp was produced by the single-stage Kraft delignification
method. The delignification process parameters were as follows: the
concentration of active alkali in the cooking liquor 57.4 g I (as Na,O
units), sulphidity 29.8 %, hydromodulus 4.5 : 1; maximum delignification
temperature 165 °C, delignification time 75 min for deciduous trees and
85 min for conifers. Two-four repeated cookings were performed for one
and the same sample, fibreized in a laboratory pulp disintegrator at a rate of
4000 mint |, 25 s, casted in a Buchner funnel and dried at room temperature
until a constant weight was reached.

2.2. Determining of the physical and chemical properties of Kraft pulp

The properties of Kraft pulp were determined according to the scheme
illustrated in Fig. 2.2, which is formed based on the requirements of the
TAPPI, DIN, EN standards, in the logical sequence of their realization.
Kraft pulp strength was analyzed without its beating, so that the Kraft pulp
fibre transformations in the beating process would not produce secondary
effects.

The chemical composition of Kraft pulp was determined in the
following way:

Lignin content — in the same way as for wood according to the TAPPI
222om - 98 standard, only taking a greater sample, namely, 0.32 — 0.33 g.

Degree of polymerization DP of cellulose was determined, measuring
the cellulose — cadoxen solution viscosity at the temperature +20 °C in a
water bath, in accordance with the procedure described in the
GOST 25438 - 82 standard.

Specific wood consumption KP; (m* t), so that to produce 1t of
Kraft pulp, was calculated from the relationship:

KP, = x10°

pap Xp
where, p —wood density, kg m*
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lpap — pulp yield, %

The dimensions and form of Kraft pulp fibres were determined
using the automatic device Lorentzen&Wettre , FiberTester”.

Water retention value of fibres was determined according to the
SCAN-C62:00 standard, in a centrifuge with G = 3000 + 20 Nm* kg and
centrifugation time 25 min.

Kraft pulp handsheets were made according to the ISO 5269-2
standard, using PTA Rapid-Kothen handsheet equipment. Handsheets were
made in the grammage range 65 — 80 g m>.

Brightness degree was determined using a diffusion whiteness
measuring device (with d/0° geometry) Elrepho, according to the 1SO 2470
standard.

Tensile strength for paper pulp handsheets was determined
according to the requirements of the DIN EN ISO 1924-1 standard. For
paper pulp samples’ comparison, tensile strength index TI (Nm g%), stretch
at break | (%), breaking length BL (m), and tensile energy absorption and
tensile energy absorption TEA (J m'zz were used.

Burst strength index (kPa m* g) for paper pulp was determined
according to the requirements of the ISO 2758 standard.

3.RESULTS AND DISCUSSION
3.1. Properties of coniferous and deciduous trees and pulpwood

The lowest wood density was observed for the spruce trees
(398 + 10 kg m®) grown in the Malta forestry and the former agricultural
lands, which is explained by the moderate age of the trees (25 + 2 years)
and the low percentage content of latewood (24 + 5.0 %). Wood age
positively correlates with wood density — Norway spruce — R* =0.519;
(p <0.05) and Scots pine — R? =0.508 (p < 0.05). For Lodgepole pine, these
correlations are not close and considerable (R* = 0.023; p = 1.000 > 0.05),
which is explained by the homogeneous wood age of 25 + 2 years (see Fig.
3.1)) for the available Lodgepole pine tree samples. For the deciduous trees
included into the study, the mentioned correlations are not close and
significant.

Wood density for birch is determined to be in the range from 607 to
677 kg m*, and for aspen — in the range from 378 to 537 kg m™. Solving the
two factor dispersion analysis, it is concluded that the forest growth
conditions considerably (p < 0.05) influence wood density. The greatest
wood density for birch is observed in the dry site forest growth conditions
type (677 = 8 kg m®), in its tumn, for aspen - in drained mineral soil forest
(537 + 9 kg m™). The lowest wood density is for aspen wood, which grew in
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a plantation type forest, in which wood with a great increment (broad
annual rings) is formed. Using the correlation analysis, it has been found
that the age of the felled sample trees positively correlates with wood
density (for aspen R? = 0.456; for aspen hybrids R? = 0.457; p < 0.05). For
birch, such a correlation is considerable (p < 0.05), but still very weak —
R? =0.033.

The annual ring width values of deciduous trees are in rather a great
range: for birch — from 0.8 to 1.2 mm, for aspen wood — from 1.5 to 6.8
mm; in its turn, for aspen hybrids, annual ring width is determined to be in
the range 2.6 — 59 mm. Also a high scatter of tree age was established,
namely, 41 to 63 years for birch and 12 to 47 years for aspen. Also 12-year
old aspen hybrids were included in the study, and 41 + 3-year old aspen
hybrids — to the control. Annual ring width, on the average, is even 4 times
greater for aspen hybrids and plantation-grown aspens, in comparison with
the aspen grown on forest lands. This, in its turn, means a faster increment
of the wood mass and diameter for these trees (see Fig 3.2.), as well as 3 —
4-fold shorter rotation time.

The different increment rate of tree growth determines also the
different morphology of wood, namely, heartwood content, as well as fibre
width, length, wall thickness. In the studies carried out in Estonia’, a
considerable effect of soil refinement on the heartwood volume has been
found. The author writes that, in Scots pine, with increasing soil
fertilization, the share of heartwood decreases. Our study cannot confirm
the results of the studies, because a contrary tendency is characterized for
the pines included in our studies — the pines grown in dry site have a greater
content of heartwood in comparison with the pines grown on soils rich in
organic substances (drained mineral soils or drained peaty soils). It has been
observed in the study that there is a positive, close and significant
correlation (R? = 0.711; p < 0.05) between the wood age and the heartwood
content therein.

For younger trees, also a lesser amount of heartwood (22.5 + 5.3 %) is
characterized, compared with the case of older trees (52.7 + 3.4 % and
47.8+5.0%, respectively). This agrees with the data available in the

! pikk J., Kask R., Peterson P. (2006); The wood quality of fertilized Scots pine
(P.sylvestris L.) stands on Vaccinium vitis-idaea and Cladonia site type.
Metsanduslikud Uurimused 44, 9-19. ISSN 1406-9954., [website] [viewed
10.11.2011.]. available
http://mivana.emu.ee/orb.aw/class=file/action=preview/id=270405/mets_44-1.pdf
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literature, that the content of heartwood correlates positively with the
cambial age ofwood .

3.2. Chemical composition of coniferous and deciduous wood

An assessment of the effect of the forest growth conditions on the
content of the wood component — lignin shows that it is considerably
(p <0.05) lower for the conifers grown on forest lands than that grown in
the transformed agricultural land. Lignin content for spruce pulpwood
samples ranges from 26.3 to 29.5 %, and for Norway pine trees from 26.3 to
34.2 %. Lignin content for the wood of Lodgepole pine grown on
agricultural soils is 264 + 0.7 %. The highest content of lignin
(29.5+1.1%) is observed for the spruce grown in the forest transformed
from agricultural lands; in this case, the lowest content of cellulose
(51.0+ 1.4 %) was found. However, no considerable distinctions (p < 0.05)
in the lignin content for spruce wood were observed for the stands where no
agricultural operations had been carried out before. Hence, it is assumed
that the distinctions in the content of lignin and mineral substances is
influenced by the agricultural fertilizer. This agrees also with the literature
data on the effect of a mineral fertilizer on lignified plants: cellulose content
slightly decreases, and lignin content grows. There is the same tendency
also for pines, namely, lignin content for the pines grown on the forest lands
transformed from agricultural lands is the highest, namely, 34.6 + 1.2 %,
compared with that for the pines grown in forest land stands, namely,
(26.5 + 1.3 %), and this distinction is also statistically significant (p < 0.05).

In its turn, the assessment of the effect of forest growth conditions on
the content of lignin and cellulose in wood for deciduous trees wood shows
no considerable distinction. However, according to the obtained data, the
type of the forest growth conditions and the wood species influence the
content of extractives and ash in wood as well as the Kraft pulp yield. Ash
content for the deciduous trees grown on the former agricultural lands is
considerably increased (p < 0.05), which could be explained by the
increased content of mineral substances in the soil remaining after
agricultural operations. This could adversely effect the bleaching of the
Kraft pulp obtained from this wood, applying the bleaching technologies in
which hydrogen peroxide is used as a bleaching agent.

Cellulose content in Scots pine wood is determined to range from 48.2
to 54.0 %; in this case, the considerably lower (by 3.6 %) content of
cellulose in wood is shown by the pine grown on the former agricultural

! Climent J. et al. (2002), Relationship between heartwood radius and early radial
growth, tree age, and climate in Pinus canariensis, Can. J. For. Res. 32(1): p.p. 103-
111.
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lands. For Norway spruce, the cellulose content in wood varies from 47.6 to
53.9. The highest cellulose content (53.9 + 0.6 %) is for the spruce grown in
the drained peaty soil forest type.

The spruce grown in the wet mineral soil and drained peaty soil forests
demonstrates a higher (53.9 = 0.6 %) content of cellulose in wood than pine
(50.7 + 0.6 %). The pines grown in the dry site forest show a considerably
(p <0.05) higher content of cellulose in wood (54.0 + 1.5 %), compared
with those grown on wet mineral soils and drained peaty soils (51.3 +£0.6 %
and 50.1 + 0.9 %, respectively). This means that it can be planned to obtain
a potentially higher yield of cellulose from the pines grown in dry site
forests, which are the most suitable growing conditions for pine from the
forest owners’ viewpoint' and which is regulated by the regulations No.
1453 ,Regulations for forest regeneration” of the Cabinet of Ministers.
Lower ash content is observed for the spruce grown in the Malta dry site
forest type, compared with that for the spruce grown in the Ieriki dry site
forest (0.23 £ 0.01 % and 0.29 + 0.02 %, respectively). The opposite
tendency is observed in the extractives’ content, namely, for Malta dry site
trees, it is almost by 60 % higher than that in the corresponding leriki forest
type (2.2 + 04 % and 1.3 + 0.1 %), which suggests that the content of
mineral substances in wood is influenced not only by the forest type but
also other factors (for example, the geographical region in which the tree is
grown or tree genetics). In its turn, the highest ash content in wood is
observed for the spruce grown in the Ieriki drained mineral soil forest type
and the spruce grown in the Madona dry site grown spruce, i.e.
0.32 £0.05 % and 0.33 £ 0.06 %, respectively.

Comparing our data obtained at the Cellulose Laboratory of the LS
Institute of Wood Chemistry with the data available in the literature, known
distinctions were observed: the aspen wood samples used in our study are
characterized by a higher cellulose content and a lower lignin content as
found by Mackes and Lynch. It should be mentioned that, in Latvia in
general, the chemical composition of aspen and birch pulpwood is scantly
known; hence, the local earlier obtained data, with which the data of our
study could be compared, are lacking. Dry site and drained peaty soil
birches have a somewhat higher content of Kuerschner cellulose
(48.5+23% and 48.7 + 0.7 %, respectively), which, after Kraft pulping, is
positively reflected also in the values of the yield of Kraft pulp from
pulpwood (47.4 + 1.3 % and 47.1 + 0.5 %, calculated from the residue
without lignin). A considerably higher content of cellulose in wood
(p <0.05) is shown by the birches grown on the lands used in agriculture,
namely, 49.3 + 0.9 %, compared with the birches grown on forest lands,

! Mangalis 1. (2004), Meza atjaunoSana un ieaudz&Sana; Riga, izdevnieciba Et
Cetera 453 Ipp. (in Latvian).
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namely, 48.7 + 0.6 %; however, it should be mentioned that this distinction
is minor, namely, ~ 0.6 %. The birches grown on agricultural lands shows a
considerably higher content of extractives in wood (3.1 + 0.4 %), compared
with the birches grown in forest lands, between which, in its turn, there is
no considerable distinctions in the extractives’ content (p > 0.05).

The content of aspen and aspen hybrids cellulose is higher than that in
birch wood; in this case, this distinction is statistically significant (p < 0.05).
In practice, the high quality of the aspen wood thermomechanical pulp is of
great importance, and aspen is one of the most used wood species in this
field. As an example, ,Estonian Cell” can be mentioned, in which only
aspen wood is used for paper pulp production®.

3.3. Properties and chemical composition of coniferous and deciduous
wood Kraft pulp

The total yield (with lignin) of the obtained Kraft pulp from the lignin
residue is demonstrated in Table 3.1.

The range of the Kraft pulp yield is relatively broad, namely, from
43.3 to 54.5 % in terms of the oven dry wood. For spruce, the forest growth
conditions have no marked effect on the Kraft pulp yields (p < 0.05). The
yields of aspen wood Kraft pulp are greater (p < 0.05) than those for birch
wood. The Kraft pulp yield from aspen wood is in the range from 50.3 % to
even 58.7 % at the residual lignin content 0.8 — 1.4 %, but that from birch
wood is between 47.6 % and 48.2 %, and the lignin content is about 2 %.

For the aspen grown on drained mineral soils, the Kraft pulp yield is
substantially (p < 0.05) higher, namely, 54.5 + 0.8 %, but it is the lowest for
the aspen grown in the land transformed from agricultural land, namely,
51.6 +1.8%. The same tendency is typical also for birch — the Kraft pulp
yield for the birch grown on the agricultural land is somewhat lower
(47.1+1.5%) compared with the birch grown in the wet mineral soil forest
type of the forest land, namely, 47.6 = 0.6 %, which is a considerably lower
index as compared with that for the birch grown on dry site and drained
mineral soils, namely, 48.1 +0.8 % and 49.0 + 1.6 %.

The use of the new research equipment, in this case, the digital fibre
dimension measuring device ,FiberTester”, ensures the fast and high-
quality determination of the fibre parameters (length, width, form,
coarseness) (see Table 3.2.). It is found that the weighed average length of
Scots pine sample trees’ Kraft pulp fibres is 2.53 + 0.04 mm, but for spruce
2.41 + 0.03 mm, and these distinctions are considerable (p <0.05). Weighed
average lengths of birch Kraft pulp fibres for all samples are in the range

! Toland J. (2007) The Pride of Estonia: PPI, Jun 2007. [website] [10.11.2011.].
Available: http:/ffindarticles.com/p/articles/mi_ga5371/is_200706/ai_n21290310#
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from 0.98 to 1.06 mm, but those for the aspens grown in the forest are from
0.80 to 0.94 mm. The aspens grown on the former agricultural lands show a
considerably (p < 0.05) lower fibre length; in its turn, the fibre width does
not markedly (p >0.05) differ from the fibre width of the aspens grown on
the forest land, which would be explained by the tree age differences.

It should be also mentioned that the fibre lengths of both birch and
aspen Kraft pulps are greater than those for eucalyptus Kraft pulp
(0.80+0.01 mm). It means that the quality and competitiveness of the Kraft
pulp from the deciduous trees grown in Latvia is potentially higher.
Certainly, the quality — price relationship should be also taken into account,
which, on the whole, is favourable for manufacturers in the South, because
eucalyptus is fast-growing, and the trees in the Northern hemisphere do not
manage to compete. Probably, in the future, the aspen hybrids grown in
Latvia, which demonstrate good growth rates, will be able to compete well
with eucalyptus wood already in very well prepared soils*?, and, with the
development of selection activities, in the future, it will be possible to
develop (obtain) such aspen hybrids, which would be of equal growth rate
value with eucalyptus.

Because Kraft pulping does not markedly influence the fibre length,
then analyzing their differences, it is possible to judge the effect of forest
growth conditions. The Scots pine fibre length in the leriki dry site and wet
mineral soil forest types does not essentially (p > 0.05) differ
(262+0.07mm and 267+0.07mm, respectively). In its tumn,
considerably lower (p < 0.05) are the lengths and widths (2.29 + 0.07 mm
and 30.8 £ 0.3 um, respectively), of the Scots pine grown in drained peaty
soils. For the spruce grown in the dry site forest type, the shortest
(2.33+0.27 mm) fibres are for the trees grown on the agricultural soils
transformed in the 1979s. This is assumed to be due to the moderate age of
the trees and therefore there is a proportionally great share of juvenile wood
in the wood. As shown in the literature®, it is exactly juvenile wood that is
characterized by shorter wood fibres as compared with mature wood. A
comparison of the data with those available in the literature explains why
the physical indices of the fibres are so low — this is due to the small age of
the trees (10 years), during which juvenile wood with low fibre dimension
indices is formed. The author of the Doctoral thesis believes that the

! Gailis A. (2005) Apses selekcijas pétijumi kvalitativas koksnes izaudz&Sanai:
Silava, Latvija. [website] [10.11.2011.]. Available:
http :/iwww.lvm.Iv/files/text/apses_selekcija.pdf (in Latvian).

2 Daugaviete M. (2004) Koku sugu un augsnes sagatavo$anas veida izvéle dazadu
lauksaimniecibas aug$nu apmezo$anai, Faktu lapa LVMI “Silava” (in Latvian).

3 Lundgvist S.O. (2003) The EuroFiber Project objectives, layout and general
results: EuroFiber seminar, STFI, Sweden.
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physical indices of the fibres are closely connected with the cambium
lignification processes and wood age, namely, the fibre length grows
dramatically but not linearly in the tree juvenile part growth period and
grows most dramatically with wood ripeness. In our study, in which
different tree species with different ages are included, it is possible to carry
out the analysis of the correlation between the tree age and the fibre length
of delignified wood. This indicates that there is an average close
relationship between these indices for different tree species, namely, for
Norway spruce (R® = 0.596; p <0.05), for Common aspen (R?=0.651;
p <0.05), and for aspen hybrid (R?> = 0.773; p <0.05), respectively, while
relatively longer fibres are formed for older trees. In its turn, for the rest of
the tree species included in the study, these correlations are not significant,
and also are not close (R?= 0.01; p > 0.05), see Fig. 3.3.

A study of the effect of latewood on the tensile strength of Kraft pulp
handsheets demonstrates (see Fig. 3.4.) that, with increasing amount of
latewood fibres in wood, hence, also in the Kraft pulp obtained from it, the
tensile strength of Kraft pulp decreases (R? = 0.30, p > 0.05), obviously,
owing to latewood fibres’ thick walls (fibres’ interface area, Fig. 3.5.).

Establishing the changes in the specific content of latewood, with
increasing tree age, and the adverse effect of latewood on the tensile
strength of the ready product — paper, it can be concluded that strong paper
pulp can be produced from younger trees, which are also faster growing,
with a low content of latewood.

This can be very well seen in an electron scanning microscope, which
shows that the earlywood fibres after delignification close up (get
compressed), losing the initial form, and bond well with each other; in
contrast, the latewood fibres change their form little and bond poorly with
the fibres present in the paper pulp (Fig. 3.6.).

It should be mentioned that the tree species, growth conditions and
fibres’ characterization are crucial in pulp production. For example, the
fibres with thicker walls are more susceptible to mechanical damages than
the fibres with thinner walls, which are more elastic®. Similarly, it may be
affirmed that, with increasing share of latewood in the Kraft pulp fibre
mass, the energy consumption when beating the fibres also grows so that
they would become more elastic (compressed fibre’ lumens) in the beating
process. From the viewpoint of high-quality writing-paper, the high content
of latewood fibres there is not desirable. Similarly, it is important to prevent
latewood fibres from getting into the upper layers of paper, because thereby
the coarseness of the paper surface is enhanced and the absorbability of the

! Nyholm K., Ander P., Bardage S., Daniel G. (2001) Dislocation in pulp fibres —
their origin, characteristics and importance — a review: Nordic Pulp and Celer
Research Journal, 16 (2001) 4, pp. 376- 384.
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ink or dye is decreased (flows can be produced as a result of paper
printing — the dye or ink fails to be applied with the same intensity). This is
achieved by multilayer paper production and paper coating technologies.
Therefore, it would be also more economically attractive to produce pulp
and paper for the wood with a lower content of latewood.

The measurements of mechanical strength and brightness for all the
tree species included in the study are shown in Table 3.3., which shows that
the unbleached conifer Kraft pulp is characterized by higher tensile and
burst strength, but also by a considerably lower brightness.

The Kraft pulps from the aspens and aspen hybrids grown in dry site
and former agriculture lands demonstrate higher (p = 0.001) mechanical
strength indices than the sample trees grown in the drained mineral soils.
Kraft pulp from the aspen trees grown in drained mineral soils demonstrates
not only low mechanical indices, but also the lowest degree of brightness
(44.6 £ 0.7 %). In its turn, the Kraft pulp obtained fromthe aspens grown in
agricultural lands demonstrates a rather high degree of brightness
(53.4+0.8 %), and also very good tensile strength (30.0 = 6.9 Nm g*) and
burst strength (0.88+0.25 kPa m?g™*) indices, which are even higher than
the mechanical indices of Kraft pulp, produced from the pines grown in the
dry site, wet mineral soils and drained peaty soils. The Kraft pulps produced
from the plantation grown birches demonstrate considerably higher
(p <0.05) mechanical strength indices (tensile index 23.7 + 3.4 Nm g™ and
burst index — 0.72 + 0.13 kPa m? g™), compared with the mechanical
strength indices of the paper pulp from the birches grown in the forest lands.
In this case, it should be mentioned that the growth in mechanical strength
is by 12 and 26 %, respectively, which is a very notable difference in the
papermaking industry. The Kraft pulp from the birches grown in drained
mineral soils demonstrates the lowest strength indices (tensile index
13.6+2.3 Nm g™ and burst index — 0.52+0.02kPa m? g). It should be
mentioned that the Kraft pulps from the birch trees grown in drained
mineral soils and drained peaty soils demonstrate the substantially
(p =0.003) lowest Kraft pulp tensile indices at the same burst index results.
This is assumed to be due to the fibre slenderness, because the birches
grown in the drained peaty soil forest type demonstrate the highest fibre
slenderness (49 + 4 mm mm™) and fibre coarseness (79.6 + 8.0 mg m™).
This agrees to a known extent with the studies performed by Horn?, in
which, applying the multiple regression analysis, the regression equation of

! Horn A.R.(1978) Morphology of pulp fiber from hardwoods and influence on celer
strength: Forest products laboratory, forest service, U.S. department af agriculture,
M adison. [website] [10.11.2011.]. Available:
www.fpl.fs.fed.us/documnts/fplrp/fplrp312.pdf
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the fibre length L and the burst strength X of the casted handsheet was
obtained:

X =-1894 +37.50 * L (R? = 0.694).

Studying birch, aspen and aspen hybrid fibre length and handsheets
burst strength, the following regression equations were obtained:

Xg = -0.167 +0.735 L (R* = 0.204, p = 0.002);

Xa=1705 —1.132 L (R? = 0.176, p = 0.001);

Xua =1.223 — 0518 L (R? =0.008, p = 0.000).

Comparing the obtained relationships with those obtained by Horn, it
may be concluded that the effect of the fibre length on burst strength for
different tree species is different. With increasing fibre length, the birch
paper pulp burst strength grows; in its turn, burst strength for aspen and
aspen hybrids’ paper pulp decreases. It can be concluded fromthe obtained
results that the relationships obtained in our study are essential, although
their correlatation is not so close as the equation obtained by Horn. This is
assumed to be due to the large number of sample trees included (total 130
sample trees) in our study, as Horn has investigated several tree species in
his studies, although with a lesser number of repetitions.

3.4. Correlations between the properties of pulpwood and the Kraft
pulp obtained thereof

With increasing lignin content in wood, the cellulose content in wood
decreases, wherewith the yield of Kraft pulp, appropriately obtained in the
Kraft pulping process, also decreases. The yield of Kraft pulp is lower than
the analytically determined content of Kuerschner cellulose owing to its
partial destruction in the delignification process, and the cellulose
destruction for all the species included in the study occurs similarly (2 —
4 %), which is reflected in Fig. 3.7.

The study of the effect of the tree age on the Kraft pulp handsheets
strength (see Fig. 3.8.) demonstrates that, for all tree species, with
increasing tree age, the tensile strength indexof paper pulp decreases. Also
for that reason it would be advisable to use younger trees or their parts
(sapwood parts, tree top parts or also assortments from the stand
management cuttings).

Similarly, Fig. 3.8. may testify that the paper pulp produced from the
aspens and aspen hybrids grown on agricultural lands demonstrates a higher
tensile strength index compared with the case of the pines grown on forest
lands. Such is the effect of the age of different trees, because, with a 3-fold
increase of the tree age, the tensile strength index of the paper pulp
decreases 2 — 2.5 times (p = 0.000). The paper pulp fibres are mechanically
stronger for young trees, which testifies that it is more profitable to produce
paper pulp (from the fibre viewpoint) from the first thinning of the forest, or
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also arranging fast-growing plantations. This agrees to a certain extent with
the results gained by Scandinavian colleagues in ,,EuroFibre” studies ! after
which they concluded that mechanically stronger fibres can be produced
from the sapwood part (the youngest part of the wood — outer side of stem).

However, it should be taken into account, what kind of paper or
cardboard products are produced and what is the raw material’s price. The
studies described below show that the use of younger trees for Kraft pulp
production is connected with a greater consumption of wood for producing
1t of Kraft pulp. Hence, it is important to calculate the wood volume
consumption so that to produce 1t of Kraft pulp (KP;). This embraces both
Kraft pulp yield and wood density, and is proportional to the digester’s
productivity.

The obtained data show that the tree species considerably (p < 0.05)
influence the specific wood consumption in the Kraft pulp production
process (see Fig. 3.9.), and it is the lowest for birch (3.3 = 0.4 m* t?).

Specific wood consumption is the highest for the young sample trees.
The highest scatter of specific wood consumption of 3.0 - 5.8 m® t* is
observed for spruce and pine sample trees. The high scatter of the wood
consumption can be partially explained by the effect of the forest growth
conditions (transformed agricultural lands as well as the plantations
arranged on the lands of the same type), because the trees grown on the
mentioned forest soils show a higher increment that also means thinner wall
of fibres, which contain relatively more lignin?. Hence, the fast-growing
(young) trees are characterized in delignification by an increased specific
wood consumption as compared with older trees.

Classifying the delignified wood fibres in terms of their length and
width, it can be seen that five groups are formed:

1. There are no statistically significant differences between the Scots
and Lodgepole pine wood. Therefore, it could be said that, from the fibre
morphology viewpoint, it is uniform and is characterized by a greater width
0f 325 £ 0.2 um, and its length reaches 2.18 + 0.04 mm.

2. Spruce Kraft pulp fibres are the longest, namely, 2.46 = 0.03 mm,
but with the smallest width of 27.2 £ 0.1 um.

3. Birch fibre length is 1.00 + 0.03 mm, and width is 21.5 + 0.2 um.

4. Aspen fibre length is 0.86 + 0.11 mm, but width is 21.9 + 0.6 um.

5. The aspen hybrid fibres (0.75 + 0.11 mm) are statistically
significantly (p < 0.05) shorter than aspen fibres; in its turn, there are no

! Lundqvist S.0. (2003) The EuroFiber Project objectives, layout and general

results: EuroFiber seminar, STFI, Sweden.

2 Oluwafemi O.A., Sotannde O.A. (2007) The Relationship Between Fibre
Characteristics and Pulp-sheet Properties of Leucaena leucocephala (Lam.): Middle-
East Journal of Scientific Research 2 (2): 63-68.
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significant (p > 0.05) differences between the Kraft pulp fibre widths
(214 + 0.6 um) for the mentioned tree species.

At the same time, from the fibre size aspect, also pulpwood could be
separated into the same groups, exporting it and especially processing it.
Taking into account the Lodgepole pine and aspen hybrids’ increment rate,
hence, also the possible short rotation time of the stand, the mentioned tree
species are, to a certain extent, competitive with the trees (eucalyptus)
growing in the Southern hemisphere.

It should be mentioned that the high density for timber producers
means a high strength product. For pulp producers, this indicates that one
and the same volume of wood can give a higher yield of the product (pulp),
in comparison with the low density wood. However, all has its limits, since
the wood with a too high density (> 600 kg m™®), especially deciduous wood
species, is as much undesirable as the low density (< 400 kg m) coniferous
wood. Thus, for example, if the wood has a density of more than
600 kg m?, the fumniture and building structures are too heavy, often also
too hard, and the joining sites can become loose if the wood dries up. For
paper manufacturers, coarse fibres mean also the extended fibre beating
time to fibrillate the fibres and the obtained dense paper in which strong
interfibrillar bonds are formed®.

3.5. Economic assessment of utilizing small diameter trees for Kraft
pulp production

Calculations were performed to assess the utilization of pulpwood for
Kraft pulp production also from the economic viewpoint. As an alternative
method for fibre production, chemical thermomechanical pulp (CTMP-
internationally accepted abbreviation), is considered.

In the calculation of the economic substantiation of tree growing from
the forest owner’s viewpoint, taxation data (stock increment within a year)
on the predominant species forming the stock and the yields of the Kraft
pulp of the corresponding tree species are used. In the literature, data are
available on the increment rates of wood, which is designed for producing
paper pulp fibres as well as MDF, HDF and OSB boards. The increment? of
Uruguay deciduous wood is about 40 m® ha’; in the Southern Finland —
54m® ha®’ and in Southern Sweden — 59m’ha™. In Latvia, most wood
from 1ha within a year can be produced from aspen hybrid plantations,

! Chauhan S. et. al (2010) Wood quality: in context: Primary wood processing
(editor: Walker J.C.F.), Springer. Netherland. 596.

2 Anasaharju A. (2007) Challenges for the pulp and paper industry in Finland, Paper,
packaging & forest products, 8 November. [website] [10.11.2011.]. Available:
http:/Awww.metla.fi/tapahtumat/2007/barents/presentations/ansaharju.pdf
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which are characterized by a short stand rotation cycle of 8 — 12 years,
where the wood increment is 20 m* ha™. Comparing these data for conifers,
its increment® in Uruguay forests is about 35m°® hal; in the Southem
Finland — 5.0 m* ha™ and in Southern Sweden — 5.9 m* ha™*. The obtained
data testify that the spruce and pine trees grown in agricultural lands show
by 70 % higher increment as compared with the Scandinavian conifers.
However, conifers growing in Latvian forest lands show lower increments
of wood, re-calculating to a hectare of the forest land, namely, 2 — 3 m® ha™.

To calculate the gain from the forest area, for comparison purposes,
data are used on the amount of the potentially produced Kraft pulp fromone
ha of the forest area. For comparison purposes, also the price of CTMP
530 EUR t at the pulp yield 90 % is used. Bark volume for trees is
accepted to be 15 %, which is taken into account, correcting the stack
volume when wood is processed by chemical (Kraft pulp) or chemical-
mechanical (CTMP) treatment. The wood densities in the corresponding
forest types, obtained in the Doctoral thesis, are also used.

To assess the economic potential also in terms of money, the
newsletter No. 41 ,EUWID pulp and paper”, which was valid during the
study, was used, in which prices in the 3rd quarter of 20112 are offered. In
this period, the price for coniferous wood Kraft pulp is 700 EUR t*, but for
deciduous wood one — 575 EUR t™. Also the potential benefit is calculated,
if the trees are exported as pulpwood, using in the calculations the
,wStoraEnso” pulpwood purchase spot prices of 01.11.2011.3 in the
Jaunmilgravis depository: 32 EUR m™ for coniferous pulpwood and
25 EUR m for deciduous pulpwood.

A simplified calculation is made, taking into account only the fact that
the wood acquisition expenses in the Kraft pulp direct expenses are about
40 % of total production costs, but those in chemi-thermomechanical pulp
(CTMP) production are about 30 %. Capital costs are not taken into account
in these calculations. It is assumed that the forest owner holds shares of the
wood processing plant (a model of Nordic forest owners’ cooperatives).

Re-calculating the wood increment in terms of money, it can be seen
that, processing wood in chemi-thermomechanical pulp (CTMP), it is
possible to gain greater financial incomes as compared with the case of
Kraft pulp. This is ensured by a greater paper pulp fibre yield and the

! Vanins S., (1950) Koksnes zinatne: Riga, Latvijas Valsts Izdevnieciba, 470 lpp.
gin Latvian).

EUWID, (2011) EUWID Price Review Germany third quarter 2011, Pulp and
paper, informativais biletens, Text no.: 002 Issue PP41/2011 Publication date:
12.10.2011. [website] [10.11.2011.]. Available: http://iwww.euwid-paper.com
% Stora Enso [website] [30.10.2011.]. Available: http:/Awww.storaenso.com/wood-
forest/wood-supply-baltic/latvia-region/ms-p rkam/Pages/stora-enso-mes-ieprk.aspx
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moderate differences in the paper pulp price. It should be noted here that the
thermomechanical pulp is a niche product with a limited application, in
comparison with Kraft pulp. Least funds, from the forest owner’s
viewpoint, can be gained, selling wood to a timber port as pulpwood for
export. However, more funds can be gained by processing wood into Kraft
or thermomechanical pulp fibres. Indeed, the fact should be taken into
account that, using Kraft pulp production technologies, there is no tree
species limitation for the given technology, as it is in the case of CTMP.

In terms of money, the forest owner’s potential benefit decreases if
wood is sold in the following sequence: chemithermomechanical pulp
(CTMP), Kraft pulp, pulpwood export. Also the export of pulpwood to
another country through the Baltic sea results in its processing in a Kraft
pulp or thermomechanical pulp production, although all incomes then get in
the hands of the corresponding production’s owner as well as in the form of
the corresponding state budget taxes.

The greatest contribution in terms of the wood increment and funds
can be obtained from the plantation type stands arranged in the agricultural
land — this can be 343 EUR ha, processing wood into Kraft pulp, and
415 EUR ha'l, if the wood is processed into thermomechanical pulp.

The shortest rotation cycle of aspen hybrids is grounded not only by
the high mechanical indices of the produced Kraft pulp, but also
financially— at a short rotation cycle, it is possible to gain also the hiqhest
benefit in terms of money (processing it into Kraft pulp - 957 EUR ha™ and
to CTMP fibres — 1156 EUR ha™).

Economic calculations on the pulpwood utilization in board
production were not performed owing to the lack of the corresponding data,
and this was not the task of the Doctoral thesis.

CONCLUSIONS AND RECOMMENDATIONS

Analyzing the assortments of the small diameter trees available in
Latvia and obtaining a whole range of measurements’ data, several
conclusions and recommendations for forest owners and wood processing
companies can be made.

Conclusions

1. The pulpwood produced in Latvia is suitable for Kraft pulp
production, which is characterized by good strength properties and fibres’
geometrical parameters.

2. The study performed is one of the steps of wood science to
purposely form a link between the trees’ growth conditions and the
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properties of the desired product (in our case, Kraft pulp and paper). The
most significant factors that influence the properties of Kraft pulp and its
handsheets are trees’ growth conditions, wood density, as well as the
cellulose content in wood.

3. The Kraft pulp from the trees grown on the former agricultural
lands shows considerably higher mechanical strength of the handsheets,
compared with the case of the trees grown on forest lands. The difference
can reach even 23%. The spruce trees grown in Malta forestries of the
Latgale region in the dry site forest transformed from agricultural lands are
characterized by higher lignin and ash contents, compared with the
neighbouring dry site forest spruce trees (29.5 % and 0.29 % against 28.3 %
and 0.23 %, respectively).

4. The forest growth conditions influence the density of pine, spruce,
birch and aspen wood. In the framework of the studies, the highest density
is found for the pine trees, grown in the dry site and wet mineral soil forests
(615.9 + 8.3 kg m® and 618.4 + 8.4 kg m>, respectively), as well as for
birch trees in dry site forests (677.0 + 8.4 kg m™). For spruces, the highest
wood density is observed in wet mineral soil forests (545.6 + 8.4 kg m*); in
its turn, that for aspen in drained mineral soil forests (532.3 + 5.9 kg m?).

5. Tensile strength index for the aspen hybrid non-beaten Kraft pulp
handsheet is in the range from 27.2 to 34.9 Nm g™ and burst index s in the
range from 0.68 to 093 kPa m? g, which can compete even with
coniferous wood pulp.

6. A tendency is observed that samples with a higher content of
chemically pure cellulose in wood, which reaches 522 + 0.3 % and
51.4+ 0.3 %, respectively, can be obtained in drained mineral soil and dry
site forests; in its turn, a lower content of cellulose is in forestries and
plantations arranged on agricultural lands. In the case of the analysed
sample trees, the forest growth conditions have influenced the content of
extractives in wood.

7. The young (9 + 2 years) aspen hybrids grown in plantations show
similar contents of cellulose in wood (52.2 + 0.4 %) than the Common
aspen (52.2 + 0.6 %) grown for a longer time (44 + 18 years) on the dry site.
Aspen hybrids with a great wood increment and a high content of cellulose
are promising trees, which can be cultivated in Latvia so that, to a certain
extent, to compete with the eucalyptus grown in the South.

8. The wood analysis device ,.SilviScan” is an efficient instrument in
the cases when the tree growth ,history” is to be elucidated and the
purposeful cultivation of trees for definite needs and application types, for
example, developing hybrids (e.g. cultivation of plantation trees for
industrial needs) is carried out.
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9. Ash content is elevated for the trees, which grew in the former
agricultural land areas; hence, it could be considered that the trees have
taken more mineral and microelements from the soil.

Recommendations

The above-mentioned conclusions make it possible to advance the
following proposals:

1. Owing to the relatively short stand rotation of the tree species, and
the high mechanical strength of Kraft pulp fibres, it can be recommended to
use aspen hybrid clones from Latvian State Forestry Research Institute
“Silava” and AS ,latvian State Forests” plant nurseries and adopted
Lodgepole pine stands.

2. It can be recommended establish a 8 — 10-year long aspen hybrid
stand rotation cycle, since mechanically strong wood fibres are formed
within this period of time, and it is also possible to gain the highest benefits
in terms of the forest owners’ income. A circumstance should be also
mentioned that, for the tree species that are unstable against fungal damages
(as it is characteristic for aspen and aspen hybrids), the shorter rotation
cycle means also potentially less fungus-induced damages (shorter rot fungi
exposition time to harm the tree — losses of quality).

3. The studies to elucidate the effect of microfibrils” angle changes on
the quality of forest thinners should be continued. It is necessary also to
elucidate, how the changes in the cell wall geometrical parameters (wall
thickness, lumen area, their interrelationshp) influence the mechanical
properties of wood. Hence, it would be desirable, applying purposeful
forestry measures, to produce wood with a quality necessary for a definite
product.
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