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1. DARBA VISPAREJS RAKSTUROJUMS
Temas aktualitate

Lauksaimnieciskas razoSanas apjoma straujas samazinasanas dé] pec
valsts neatkaribas atgiiSanas ieverojamas agrak lauksaimnieciba izmantoto
zemju platibas Latvija vairs netiek apsaimniekotas jau gandriz divdesmit gadus.
Pedeja laika vairakas sabiedriskas un valsts organizacijas izteikusas
priekslikumus 8o zemju turpmakai izmanto$anai, pieméram, ierikot energétisko
lauksaimniecibas kultiru un Tscirtmeta koksnes (karklu, apS$u hibridu)
plantacijas, tomér biitiskas izmainas Iidz §im nav notikusas.

Viens no realakajiem, bet daudzviet vienigajiem, risinajumiem
produktivai bijuso lauksaimniecibas zemju platibu izmantoSanai ir apmezosana.
Lidz ar Latvijas iesta8anos ES, lauksaimniecibas zemju apmezo$anu stimulé ES
struktiirfondu finans€jums, ka arT misu valsts nodoklu politika (nekustama
TpaSuma nodokla atlaide jaunaudzem) .

P&dgjos gados Latvija tiek petiti lauksaimniecibas zemju apmeZoSanas
tehnologiskie un ekologiskie aspekti, ka arl ik gadus veikta meZzaudzu
ierikoSana $ajas platibas vairaku simtu hektaru apmeéra, tomér prakse liecina, ka
joprojam pastav virkne problému, kuru racionala risinaSana lautu optimiz&t
stadTjumu iertkoSanas tehnologijas un sekmétu apmezo$anas procesu kopuma.

Jautagjums, kuram Iidz Sim veltita nepietickama uzmaniba, ir
stadmateriala kvalitates ietekme uz stadijumu augSanas raditdjiem bijusajas
lauksaimniecibas zemés. Viens no galvenajiem pétijuma uzdevumiem - izvertet
salidzino$i nesen Latvija ieviesto bérzu ietvarstadu audzéSanas tehnologiju un
ieglita reproduktiva materiala atbilstibu un piemérotibu lauksaimniecibas zemju
apmezoSanai. Promocijas darba izvertStas arT iesp€jas ieviest prakseé beérzu
stadfjumu ierikoSanu vasaras un rudens perioda ar ietvarstadiem, kas Jaus
optimizet darbaspéka un tehnologiju izmanto$anu stadijumu ieriko$anai, ka ari
stadmateriala razoSanu kokaudzetava.

Pétijjuma merkis
Izvertet Latvija audzeto berzu ietvarstadu piemérotibu lauksaimniecibas

zemju apmezoS$ana un to izmantoSanas iespgjas vasaras un rudens stadjjumu
iertkoSanai bijusajas lauksaimniecibas augsnes.



Galvenie uzdevumi

1. Noskaidrot konteineru Rootrainers Sherwood un Lannen Plantek 35 F
ietekmi uz bérzu ietvarstadu morfologiskajiem parametriem un
produkcijas apjomu kokaudzgtava ,,Zabaki”.

2. Noteikt bérzu ietvarstddu audze@Sanai izmantota konteinera veida un
stadmateriala izméru ietekmi uz stadijumu augSanas raditajiem bijusajas
lauksaimniecibas zemé&s — koku augstuma pieaugumu un to saglabasanos
pirmajas sezonas péc stadijumu ierikosanas.

3. Definét bérza ietvarstadu kvalitates parametrus stadijumu ierikoSanai
bijusajas lauksaimniecibas platibas.
4. Pamatot bérzu ietvarstadu pielictoSanas iespEjas vasaras un rudens

stadijumu ierikoSanai, izvert€jot bijusaja lauksaimniecibas platiba
ierikota eksperimentala stadijuma augsanas raditajus.

Zinatniska novitate

Bérzu ietvarstadu kvalitates ietekme uz stadijumu augSanu bijusajas
lauksaimniecibas zemés pétita Norvegija (Brunvatne 1997). Savukart Somija
veikts pétijums par bérzu ietvarstadu audz&$anas tehnologiju un stadmateriala
morfologisko parametru ietekmi uz koku augSanas raditdjiem péc stadijumu
iertkoSanas (Aphalo & Rikala 2003, 2006). Latvija lielaka dala bérzu
ietvarstadu tiek audzeta konteineros, kadus neizmanto Skandinavijas valstis
(Rootrainers Sherwood). Minéta konteineru veida ietekme uz bérzu ietvarstadu
kvalitati Iidz $im nav izveértéta, ka arT nav izstradati stadmateriala kvalitates
krit€riji bérzu ietvarstadiem, kas paredzeti lauksaimniecibas zemju
apmezo$anai.

Izméginajumi bérzu ietvarstadu izmantoSanas iesp&ju izpétei, ierikojot
vasaras stadijumus, veikti Somija (Luoranen et al. 2003). Latvija uzsakti
petijumi par priezu un eglu ietvarstadu izmantoSanu sezonas stadijumu
ierikoSanai (Broks et al. 2004, 2005). Musu 2002.gada uzsaktie p&tijjumi par
bérzu ietvarstadu izmantoSanu vasaras un rudens stadijumu ierikoSanai ir
pirmie $ada veida izméginajumi Latvija.

Darba praktiska nozime

Petjjums par Latvija berzu ietvarstadu audze€Sanai izmantoto konteineru
veidu piemérotibu kvalitativa bérzu stadmateriala izaudzgSanai sniedz jaunas
atzinas, kas izmantojamas esoSo kokaudzetavu tehnologiju uzlaboSanai un
jauno kokaudzgtavu tehnologiju izvélei. Promocijas darba aprakstito pétjjumu
rosinatajs ir A/S ,Latvijas Finieris” - uzp€mums, kas, balstoties uz misu
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pétijumu pozitivajiem rezultatiem, sava kokaudzgtava jau veic lidz $im bérzu
ietvarstadu audzésanai izmantoto Rootrainers Sherwood konteineru nomainu ar
Lannen Plantek 35 F konteineriem.

Vasaras un rudens stadijjumu ierikosana, izmantojot bérzu ietvarstadus,
Latvija lidz §im nav plasi praktizéta, jo tradicionali meza stadfjumus ieriko
pavasarl. Petijuma pieradits, ka berzu stadijumu ierikoSanu bijusajas
lauksaimniecibas platibas iesp&jams sekmigi veikt visas vegetacijas sezonas
garuma. Paredzams, ka miisu eksperimenta iegitas atzipas praksé plasak tiks
ieviestas Iidz ar mehaniz€tas stadiSanas apjomu pieaugumu. Par to liecina ari
vairaku lielu meza nozares uzp€mumu - A/S ,Latvijas Finieris”, SIA
,Metsaliitto Latvija”, A/S "Latvijas Valsts mezi" interese par ierikoto
izméginajumu rezultatiem, kuros veikta lapu un skuju koku sugu ietvarstadu
vasaras stadiSana.

Zinatniska darba aprobacija

Promocijas darba veikto pétijumu rezultati referéti Cetras starptautiskas
konferences.

1. 22.05.2002. LLU organizéta starptautiska konference ‘“Research for Rural
Development” Jelgava, Latvija.

Referata t€ma: “ Quality of Silver birch (Betula pendula) stands in Latvia”.

2. 21 - 24.05.2003. LLU organizéta starptautiska konference ,,Research for
rural development” Jelgava, Latvija.

Referata téma: ,,Duration of Planting Season Using Silver Birch Container
Seedlings”.

3. 16 - 18.06.2003. SNS starptautiska konference ,,Artificial Forest
Regeneration” Finish Forest research Institute Metla / Suonenjoki, Somija.

Referata téma: ,,Forest artificial regeneration in Latvia- trends and research
activities”

4. 19 - 21.05.2004. LLU organizéta starptautiska konference ‘“Research for
Rural Development” Jelgava, Latvija.

Referata t€ma: ,,Impact of Container Size and Seedlings Morphological Traits
on Field Performance of Silver Birch (Betula pendula Roth.) On Agricultural
Land”.

Par petijumu tematiku sagatavotas piecas zinatniskas publikacijas, no
kuram cetras ievietotas starptautiskos un viena vietgja izdevuma.

1. Liepins, K. Quality of Silver birch (Betula pendula) stands in Latvia //
Proceedings of International Scientific Conference ‘“Research for Rural
Development”. Jelgava, Latvia. - 2002. - P. 177-181.



2. Zalitis, P., Spalte, E., Liepins, K. Augstvertigu bérza audzu diagnostika,
genétisko un ekologisko faktoru, ka arT mezsaimniecisko pasakumu ietekmes
noteikSana uz bérza stumbru kvalitates raditajiem // MezZzinatne. - 2002. — 12
(45).- Ipp. 17-46.

3. Liepins, K. Impact of Container Size and Seedlings Morphological Traits
on Field Performance of Silver Birch (Betula pendula Roth.) on Agricultural
Land // Proceedings of International Scientific Conference “Research for
Rural Development”. Jelgava, Latvia. - 2004. - P. 192-197.

4. Liepins, K. Duration of Planting Season Using Silver Birch Container
seedlings // Proceedings of International Scientific Conference “Research for
Rural Development”. Jelgava, Latvia. 21-24 May — 2003. — P. 193-197.

5. Liepins, K. First-year height growth of silver birch in farmland depending
on container stock morphological traits // Baltic Forestry. - 2007. — 13 (1) —
P. 54-60. (apstiprinats public€Sanai).

Pétijjumu apraksti un rezultati apkopoti tris zinatnisko projektu
parskatos.

Promocijas darba struktiira un apjoms

Promocijas darba pirmaja nodala veikta Latvija paSreiz praktizétas
bérzu saimniecibas analize un, balstoties uz literatiiras apskatu, sniegts bérzu
ietvarstadu audz€Sana miasu valsti un arzemés pielietoto tehnologiju
izvertejums. Pirmas nodalas pirmaja apaksnodala aprakstita berzu resursu
situacija Latvija un prognozeti iesp&jamie tas attistibas scenariji nakotng, ka ar1
analiz€tas berzu resursu palielinaSanas iesp&jas, veicot neizmantoto
lauksaimniecibas zemju apmezoSanu. Otraja apakSnodala analiz&tas Latvija un
arvalstis pielietotas bérzu ietvarstadu audze$anas tehnologijas. Balstoties uz
bérza mezsaimnieciskajam un fiziologiskajam ipatnibam, izveértéta dazadu
tehnologiju piemérotiba stadmateriala razoSanai. Tre$aja apaks$nodala plasak
analizéti meza stadmateriala kvalitati un parametrus ietekmé&josie faktori,
ieglitas atzinas attiecinot uz beérzu stadmateriala kvalitates uzlaboSanu un
noverteSanu.

Otras promocijas darba nodalas pirmaja un otraja apaksnodala veikts
detalizets pétljuma materiala apraksts un pamatota datu apstradei izmantoto
statistisko metozu izvéle. TreSaja apaksnodala izklastiti petijuma rezultati un
izvertéts pétamo pazimju ietekmes statistiskais butiskums. Ceturtaja
apakSnodala izversta diskusija par petijuma ieglito atzinu praktisko
nozimigumu, ka ar1 veikts salidzinajums ar citas valstis analogos pé&tjjumos
ieglitajiem rezultatiem.

Promocijas darba apjoms ir 104 lappuses; informacija apkopota 15
tabulas un 34 att€los; izmantoti 276 literatiiras avoti.



2. PETIJUMA MATERIALS UN METODIKA

Lai noskaidrotu bérzu ietvarstadu morfologisko parametru varié$anu
saisttba ar pielietoto audzéSanas tehnologiju, A/S ,Latvijas Finieris”
kokaudzgtava ,,Zabaki” 2003. gada tika veikta divu veidu konteineros —
Rootrainers Sherwood un Lannen Plantek 35 F - audz&tu beérzu ietvarstadu
uzmérisana. letvarstadu virszemes dalas garums uzmerits ar precizitati lcm un
saknu kakla diametrs - ar precizitati 0.1 mm. P&tfjuma skaidrota arT audzeéSanai
izmantota konteinera veida ietekme uz produkcijas apjomu kokaudzetava.

Konteinera veida un stadu morfologisko parametru ietekmes noteik$anai
uz koku aug8anu péc iestadisanas, ierikoti tris izméginajumu stadijumi bijusajas
lauksaimniecibas zemju platibas Dobeles rajona Ukru pagasta. Stadfjumi
ierikoti laika posma no 2002. lidz 2004. gadam un tajos novértéti koku
augsanas raditaji un saglabasanas pirmajos gados péc ierikosanas.

Pirmais stadijjums zemes TpaSuma ,,Kukuri” ierikots 2002. gada ar tris
veidu konteineros (Rootrainers Sherwood, Lannen Plantek 35 F un Lannen
Plantek 25) audz&tiem ietvarstadiem, kas Skiroti grupas péc to virszemes dalas
garuma un saknu kakla diametra (SKD) (pavisam 12 varianti). Otrais stadijums
zemes Ipasuma ,RaupSas” (stadfjums ,RaupSas”™—1) iertkots 2004. gada,
pielietojot divos konteineros (Rootrainers Sherwood, Lannen Plantek 35 F)
audz8tu un péc izmériem (garums, diametrs) Skirotu berzu stadmaterialu
(pavisam 18 varianti). Pirmais stadijums ierikots 4 atkartojumos (48 koki
parcelg, stadiSanas attalums 2 x 2 m), otrs - 6 atkartojumos (9 koki parcelg,
stadiSanas attalums 2 x 2 koki).

Vairaku nozimigu bérzu ietvarstadu morfologisko parametru —
virszemes dalas garuma, SKD, saknu masas/dzinumu masas attiecibas, D/H
attiecibas (H — stada virszemes dalas garums, cm; D — stada saknu kakla
diametrs, mm) ietekmes noteikSanai uz kocinu augstuma picaugumiem pirmaja
gada péc iestadiSanas, 2004. gada pavasarl ierikots treSais izméginajuma
stadijums ar Rootrainers Sherwood konteineros audzetiem ietvarstadiem
(stadijums ,,Raupsas”-2). Eksperiments ierikots randomizgti, stadiSanas
biezums - 2500 stadi ha”'. Stadfjuma ierikoSanai izmantotajiem tas padas
stadmateriala partijas 200 stadiem laboratorija noteikta dzinumu un saknu masa
gaissausa stavokli, zavejot stadus 105 °C temperatira 1idz nemainigas masas
sasniegSanai. legiitie dati izmantoti regresijas vienadojumu sastadiSanai, lai
aprékinatu bérzu ietvarstadu saknu un virszemes dalas masu.

Beérzu ietvarstadu izmanto$anas iesp&ju parbaudei stadijumu ierikoSanai
vegetacijas sezonas dazados terminos, 2002. gada ierikots izmégindjuma
stadijums Dobeles rajona Ukru pagasta, kur stadisana izdarita ik péc divam
nedélam — no 11. julija lidz 2. novembrim. Pavisam sezonas laika veiktas
devinas stadiSanas. Augsne izméginajuma platiba sagatavota vienreiz stadijuma
ierikoSanas gada, pielietojot miglosanu ar herbicidu (20. jinija) un vagu
veidoSana - vienkorpusa arklu (21. jinija). Eksperiments ierikots seSos
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atkartojumos: katra parcelg 25 (5 x 5) stadi, ierikodanas biezums 2500 stadi ha™!
(stadiSanas attalums 2 x 2 m). Stadijums ierikots izmantojot 2001. gada
audzetus Rootrainers Sherwood ietvarstadus, kuri 1idz stadiSanas bridim atradas
kokaudzgtavas pieaudzesanas poligona.

Darba ar pétjumu materialu izmantotas parametriskas un
neparametriskas datu apstrades metodes. Empiriska materiala apstrade veikta ar
datorprogrammu SPSS for Windows 12 .

Empiriska un normala sadalfjuma atbilstibas parbaudei izmantots
Kalmogorova—Smirnova tests, savukart datu homogenitates parbaudei - Levena
tests (Field 2005). Batisku atskiribu konstat€Sanai starp faktoru gradacijas
klasém, pielietots Post Hoc tests izmantojot Tjikija krit€riju. Koku
saglabaSanas salidzinaSanai stadijuma pé&tamo faktoru (konteinera veids,
virszemes dzinuma garums, saknu kala diametrs) ietekmé lietots Kruskala—
Valisa tests, kas uzskatams ka alternativa vienfaktora dispersijas analizei un
tieck izmantots intervalas un dihotomiskas skalas datiem (Paura, Arhipova
2002). Faktoru ietekme uz koku augstumiem noteikta, veicot dispersijas analizi
(SPSS GLM procediira).

Izmantojot laboratorija ieglitos Rootrainers Sherwood konteineros
audz€to beérzu ietvarstadu morfologiskos parametrus, izveidoti multiplas
regresijas modeli ietvarstadu dzinuma un saknu sausas masas (SM) noteikSanai.
Ietvarstadu virszemes dalas dzinuma un saknu sausa masa izmantota ka raditajs
stada vegetativo dalu proporcijas noteikSanai. Talakaja datu apstrad€, nosakot
Rootrainers Sherwood ietvarstadu morfologisko parametru ietekmi uz koku
pirma gada augstuma pieaugumiem stadijuma ,,Raupsas” — 2, pielietota lineara
regresijas analize.

Datu apstradei eksperimenta, kur izverteta stadiSanas termina ietekme uz
stadfjuma augSanas raditajiem, izmantota divfaktoru (stadiSanas termini un
augsnes sagatavosanas veids) regresijas analize.

3. REZULTATI

3.1. AudzéSanai izmantoto konteineru ietekme uz bérzu
ietvarstadu morfologiskajiem parametriem un produkcijas
apjomu kokaudzetava

Rootrainers Sherwood un Lannen Plantek 35 F konteineros audzgto
ietvarstadu virszemes dalas garuma, SKD un D/H vidgjas vértibas ir bitiski
atSkirigas (p=0.000). Rootrainers Sherwood konteineros audz&to ietvarstadu
garums ir nedaudz lielaks neka stadmaterialam, kas audzets Lannen Plantek 35
F konteineros (3.1. tabula). Procentuali atSkiriba ir visai neliela — tikai 3.8 %.
Lannen Plantek 35 F konteineros audzeto stadu SKD turpretT ir par 9.6 %
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3.1. tabula / Table 3.1
Bérzu ietvarstadu morfologisko parametru vidéjas vertibas (x * S )
kokaudzétava ,,Zabaki”

Mean parameters (X = s-) of birch container seedlings at ,,Zabaki” nursery

Parametri / Parameters Kontreineri / Containers
‘ Rootrainers Sherwood Lannen Plantek 35 F
g’;ﬁ‘;ﬂ‘;ﬁggﬁs (ifnr;‘ms 54.7+0.34 52.6+0.31
Root colar diamete (mm) 474002 524002
Isgzgi S‘;‘sﬁ‘ﬁe;‘s“g‘ﬁ 0.88 % 0.005 1.02 + 0.006

lielaks neka Rootrainers Sherwood ietvarstadiem. Lidz ar to arT stadu druknuma
indekss (D/H) Lannen Plantek 35 F konteineros audz&tajiem ietvarstadiem ir
par 13.3 % lielaks.

Ietvarstadu morfologisko parametru analize kokaudz&tava ,,Zabaki”
uzrada likumsakaribas, kas konstatétas ar citu valstu zinatnieku pétfjumos —
palielinoties audzESanas biezumam, pasliktinas apgaismojums un beérzu stadi
izstidz. AudzESanas bieziba Rootrainers Sherwood konteineros ir ievérojami
lielaka neka Lannen Plantek 35 F konteineros. Sanu ap&nojuma dg] ietvarstadi
pastiprinati aug garuma, un tadeé] Rootrainers Sherwood konteineros
audzetajiem stadiem virszemes dalas garums ir nedaudz lielaks, lai ari
konteinera $iinas tilpums (un lidz ar to arT audzeSanas substrata tilpums) Siem
ietvarstadiem ir mazaks.

Pieaugot stadu garumam, abos konteineru veidos audz&tajiem
ietvarstadiem samazinas D/H attieciba (3.1. att.). Ipasi izteikti tas novérojams
Rootrainers Sherwood konteineros audzetajiem ietvarstadiem. Ja piepem, ka
D/H attieciba vElama ne mazaka par 1, ka ieteikts literatiiras apskata
analiz&tajos pétfjumos, stadu garums Rootrainers Sherwood konteineros biitu
pielaujams ne lielaks par 40 cm; savukart Lannen Plantek 35 F konteineros
stadu izstidzeSana zem kritiskas vértibas noverota tikai ietvarstadu garumam
parsniedzot 50 cm. Tas liecina, ka Lannen Plantek 35 F konteineros iesp&jams
izaudz€t ieverojami garakus stadus, vienlaicigi saglabajot stadu SKD un
garuma sabalansétibu, kas paSi nozimigi ir strauji aizzelos$as platibas, kur
nepiecieSama stadmateriala pastiprinata konkur&tspgja.

Stadmateriala uzmeriSanas rezultati A/S ,,Latvijas Finieris” kokaudzg&tava
»Zabaki” rada, ka ietvarstadu iznakums (realizacijai derigo stadu skaits pret
kopgjo konteinersiinu skaitu) Rootrainers Sherwood konteineros ir 71.3 %, bet
Lannen Plantek 35 F konteineros - 85.4 %. Veicot aprékinus uz platibas
vienibu, secinats, ka, pielietojot Rootrainers Sherwood konteinerus, tiek iegtti

10




302 stadi m™, bet Lannen Plantek 35 F konteinerus — 248 stadi m>. Kaut ari
stadmateriala iznakums Lannen Plantek 35 F Kkonteineros procentuali ir
augstaks, tomér praktiski, intensivakas audzesanas biezibas dél, stadu iznakums
uz platibas vienibu lielaks ir Rootrainers Sherwood konteineros audzetajiem
stadiem.

2.5 2.5

20 J y =6.725x"1%8 20 | y = 14.618x "%

s R%=0.3394 1'5 ‘ R%=0.5949

. 7‘ . ’\ -
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stadu garums / seedling height(cm) stadu garums / seedling height (cm)

a b

3.1. attels. Bérzu ietvarstadu D/H atkariba no stada garuma;

a — Rootrainer Sherwood konteineros, b — Lannen Plantek 35 F konteineros
Fig. 3.1. Index of sturdiness D/H of birch seedlings grown in Rootrainers
Sherwood (a) and Lannen Plantek 35 F (b) containers depending
on seedling height

Péc eksperimenta iegiitajiem datiem, konstatéts, ka berzu ietvarstadu
razoSana izmantojot Rootrainers Sherwood konteinerus, iespgjams iegiit par
17.9 % vairak stadu. Aprekinats, ka kokaudzetava ,,Zabaki” (razojosa platiba
800 m?), pielietojot Rootrainers Sherwood konteinerus, viena stadmateriala
audze€Sanas aprit€ ieglstami 241 600 stadi, bet ar Lannen Plantek 35 F
konteineriem - par 43 tiokst. stadu mazak (198 400 stadus). ApléSot péc
pasreizgjas stadmateriala realizacijas cenas (100 Ls par vienu tikstoti stadu),
Rootrainers Sherwood Konteineru izmantoSana lautu minétas kokaudzétavas
gada apgrozijumu palielinat par 4 300 Ls.

Abos izméginajuma stadijumos, kuros salidzinati at$kirigos konteineros
audzetu ietvarstadu augSanas raditaji pirmajas sezonas péc iestadiSanas Lannen
Plantek 35 F konteineros audzg&to ietvarstadu saglabasanas ir par 5% lielaka
neka Rootrainers Sherwood ietvarstadiem. Tatad 1 ha apmeZoSanai (merkis -
stadfjuma biezums 2000 koki ha™) izmantojot Lannen Plantek 35 F konteineros
audz€tus beérza ietvarstadus, tiks ietaupiti Ls 13 (stadmateriala izmaksas — Ls
200 + stadiSana — Ls 0.03 par stadu). Turklat Lannen Plantek 35 F konteineros
audzéetie ietvarstadi pirmaja sezona péc iestadiSanas dod lielakus augstuma
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pieaugumus (3.4. att.), kas lauj neveikt vienu agrotehniskas kopsanas pasakumu
(ietaupTjums — Ls 60), ka rezultata kopgjais ekonomiskais ieguvums sasniedz
Ls 73 uz vienu ierikota apmezojuma hektaru.

A/S ,Latvijas Finieris”, kurai pieder kokaudzetava ,,Zabaki”, ik gadu
apmezo aptuveni 50 ha lauksaimniecibas zemju. Lidz ar to lielakajos Lannen
Plantek 35 F konteineros audz&to beérzu ietvarstadu izmantoSana gada
samazinatu plantaciju ierikosanas izmaksas par Ls 3 650. ST summa
uzpémumam atsveértu nedaudz lielakos iep@mumus, kas tiek iegiti,
intensificgjot kokaudzetava staddmateriala razoSanu mazakajos Rootrainers
Sherwood konteineros.

Jaatzime, ka kvalitativaka stadmateriala prieksrocibas pilniba realizesies
tikai tad, ja tiks ieveroti citi bérzu stadijumu ierikoSanas nosacijumi — izveleti
pieméroti augsanas apstakli un veikta tiem atbilstoSa augsnes sagatavosSana.

3.2. Bérzu ietvarstadu morfologisko parametru ietekme uz
stadijumu augSanas raditajiem bijuSajas
lauksaimniecibas platibas

Izmégindjuma stadijuma ,, Kukuri” tris sezonas péc ieriko$anas konstatéta

statistiski batiska (p=0.000) stadu audz€$anai izmantota konteinera veida
ietekme uz koku augstumiem - tifs gadu augstumu pieaugumi liecina, ka
atSkiribam starp izméginajuma variantiem ir tendence palielinaties (3.2. att.).
Ievérojamakus augstuma picaugumus veidojusi koki, kas audzgeti lielakajos
konteineros — Lannen Plantek 25; salidzino$i vismazakos pieaugumus
uzradijusi Rootrainers Sherwood konteineros audzetie koki.
Bitiski lielaks vidgjais augstums 2002. gada bija Lannen Plantek 25
konteineros audzetajiem kokiem, bet Lannen Plantek 35 F un Rootrainers
Sherwood konteineros audzeto koku augstumu atskiribas bija nebitiskas (3.2.
tabula). 2003. un 2004. gada statistiski biitiskas atSkiribas konstatetas starp
visiem trim izméginajuma variantiem, pie kam atSkiribas pieaugusas ari
skaitliski — ja 2002. gada Lannen Plantek 25 konteineros audz&to koku
augstums parsniedza Lannen Plantek 35 F un Rootrainers Sherwood
konteineros audzgto koku augstumu attiecigi par 3.2 un 3.9 c¢cm, tad 2004. gada
§1 atSkiriba jau bija 8.8 un 16.9 cm.

Salidzinajuma pa konteineru veidiem arT koku saglabasanas stadijuma ir
atSkiriga (p=0.002) - tris gadus p&c iestadiSanas labak saglabajusies Lannen
Plantek 25 konteineros audzétie stadi, bet Lannen Plantek 35 F un Rootrainers
Sherwood stadi -attiecigi par 3.4 un 8.7 % mazak. Stadu saglabasanas analize
liecina, ka atkiribas starp izméginajuma variantiem palielindjusas pirmajos
divos gados péc iestadiSanas (3.3. att.). TreSaja gada konteinera veida ietekme
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3.2. attéls. Koku augstumi stadijuma “Kukuri” (; + S~ tris sezonas pec
ierikosanas dalijjuma pa konteineru veidiem.
Fig. 3.2. Tree height (; + S- ) in experiment “Kukuri” tree years after
planting grouped by container types.

3.2. tabula / Table 3.2
Koku vidgjie augstumi, cm (x = - ), dalijuma pa eksperimenta
izmantotajiem konteineru veidiem

Tree height (x £ s-) grouped by container types

o , 2002. | 2003, | 2004.
Konteineri / Containers
Gads / Year
Lannen Plantek 25 67.8+£0.73 A 106.3£1.28 A 152.1£2.20 A
Lannen Plantek 35 F 64.6+0.73 B 101.4+1.31B 143.3+£2.25 B
Rootrainers Sherwood 63.9+0.73 B 96.9+1.34 C 135.2+2.30 C

Vidgjas veértibas, kuras atzimétas ar vienu un to pasu burtu, butiski neatskiras (p<0.05).
Significant differences at p<0.05 shown by different letters
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3.3. attéls. Koku saglabasanas stadijuma “Kukuri” tris sezonas péc
ierikosanas dalijuma pa konteineru veidiem.
Fig. 3.3. Tree survival in “Kukuri” experiment three years after planting
grouped by container types.
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3.4. attels. Koku augstumi ()_C t+ 5-) stadijuma ,,Raup$as” — 1 dalijjuma pa
konteiheru grupam.
Fig. 3.4. Tree height (; + - ) in “RaupSas”-1 experiment three years after
planting grouped by container types.
14



uz koku saglabasanos vairs nav tik izteikta — procentuali atSkiribas starp
izméginajuma variantiem ir Iidzigas iepriek$&ja gada novérotajam. Koku
saglabasanas stadijuma Lannen Plantek 25 konteineros 2002. gada bijusi 93.1
%, bet Lannen Plantek 35 F un Rootrainers Sherwood konteineros - attiecigi
par 3.70 un 8.75 % mazaka; 2003. gada starpiba starp variantiem bijusi gandriz
nemainiga, kaut arT kopga koku saglabasanas stadijuma turpinajusi
samazinaties: Lannen Plantek 25 konteineros - 91.3 %, bet Lannen Plantek 35
F un Rootrainers Sherwood konteineros attiecigi par 3.70 % un 8.72 % mazaka.

Irmeégindajuma stadijumd ,,RaupSas”-1 Lannen Plantek 35 F konteineros
audzgto bérzu ietvarstadu augstuma pieaugumi divas sezonas p&c iestadiSanas ir
lielaki (p=0.000) neka Rootrainers Sherwood konteineros audzgtajiem tada
pasa izméra stadiem — koku vidgjie augstumi atskiras par 13.4 cm (3.4. att.).
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3.5. attéls. Koku saglabasanas stadijuma ,,Raupsas” — 1 dalijuma pa
konteineru grupam.
Fig. 3.5. Tree survival in experiment “Raupsas’-1 grouped by container types.

ArT koku saglabasanas stadijuma Lannen Plantek 35 F konteineros audzg&tajiem
stadiem ir nedaudz - par 4.8 % - augstaka , bet statistiski atSkiribas nav bitiskas
(p=0.077) (3.5. att.). Analizgjot koku saglabasanos stadijuma pa Rootrainers
Sherwood stadu sakotngja garuma grupam, konstatétas statistiski bitiskas
atSkiribas (p=0.014): jau pirmaja sezona péc iestadiSanas Tsako stadu iznikSana
bijusi ievérojami augstaka neka parjo grupu stadiem (3.6. att.). Otraja sezona
péc iestadiSanas §1 attieciba palikusi praktiski nemainiga - 31-40 cm garo bérzu
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3.6. attels. Rootrainers Sherwood Konteineros audzeto ietvarstadu

saglabasanas stadijuma dalijjuma pa sakotnéja garuma grupam.

Fig. 3.6. Tree survival in “RaupSas”-1 experiment after Sherwood
Rootrainers seedlings initial height.

100

g 90

£ 80 | — o

z

2

g " 107 s || 880 944 1= 889 || g5 | 889

3 75.9 )

E o067 — — = -

=

o0

<

@ 50 _— _— _— _— _— _— _—

40
=) 2 4 g 2 el g 2 5
= - = = - = = = .- =
3 2 E = & 2= 2 3 2 £ =
- - = - 7 E 2 - .- =
31-40 cm 41-50 cm 51-60 cm

3.7. attéls. Rootrainer Sherwood audzéto koku saglabasanas stadijuma

“Raupsas” -1 divas sezonas péc iestadiSanas dalijjuma pa izméginajuma
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faktoru grupam.
Fig. 3.7. Survival in experiment “RaupS$as”-1 grouped by Rootrainers
Sherwood seedlings initial height and root collar diameter



ietvarstadu saglabaSanas ir attiecigi par 10.5 un 9.9 % mazaka neka stadiem,
kuru sakotngjais garums bijis 41-50 cm un 51-60 cm.

Stadu saglabasanas stadijuma ir butiski atSkiriga salidzinajuma pa
Rootrainers Sherwood konteineros audzgto ietvarstadu sakotngja SKD grupam
(p=0.008). Stadu SKD ietekme uz koku saglabasanos izteiktaka ir pirmaja
sezona péc iestadiSanas, bet nakamaja gada - bitiski nemainas. Divas sezonas
pec stadijuma ierikoSanas tievakie stadi saglabajusies attiecigi par 12.4% un 8.1
% mazak neka vidgjie un resnie.

Salidzinot Rootrainers Sherwood konteineros audzéto bérzu ietvarstadu
saglabasanos pa stadu garuma un SKD grupam (3.7. att.), redzams, ka 3140
cm garo stadu saglabasanas tievakaja un vidgja SKD grupa ir ieverojami
zemaka neka pargjos izméginajuma variantos — attiecigi 66.7% un 75.9% .
Turpreti ta pasa garuma grupas stadiem ar lielako SKD saglabaSanas ir ]oti
augsta (90.7%) un daudz neatskiras no garako stadu raditajiem. Arl garuma
grupa 41-50 cm verojama SKD nosacita stadu saglabasanas diferencéSanas, bet
garuma grupa 51-60 cm stadu saglabasanas ir lidziga un nav atkariga no SKD.
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3.8. attels. Lannen Plantek 35 F konteineros audzeto ietvarstadu
saglabasanas stadijuma dalijjuma pa sakotnéja garuma grupam.
Fig. 3.8. Survival in “Raupsas”-1 experiment grouped by Lannen Plantek 35
F seedlings initial height.

Analiz€jot Lannen Plantek 35 F konteineros audzéto berzu ietvarstadu
garumu divas sezonas p&c iestadiSanas, konstatets, ka statistiski buitiska ietekme
uz pétamo pazimi ir ietvarstadu sakotngjam garumam (p=0.000), bet stadu SKD
koku augsanu ietekmégjis nebitiski (p=0.383). P&c divu sezonu augSanas koku
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augstumu stadfjuma butiski ietekmgjusi abu So faktoru mijiedarbiba (p=0.030):
stadi ar sakotngjo garumu 31-40 cm augSana ir panakusi tos, kuru sakotngjais
garums bijis 51-60 cm un, péc diviem gadiem izdarot koku augstumu
salidzinasanu, butiskas atSkiribas starp So grupu stadiem nav konstatétas.
Stadijuma lielaki augstumi ir stadiem, kuru sakotn&jais garums bijis 71-80 cm,
tomer So stadu pieaugumi divu gadu laika bijusi mazi.

Vertgjot stadu saglabasanos stadjjuma dalijuma pa sakotngja garuma
grupam (3.8. att.), bitiskas atskiribas nav konstatetas (p=0.665). Pirmaja gada
pec iestadisanas 1sako stadu iznik$ana bijusi nedaudz lielaka, bet otraja gada §1
starpiba saglabajusies aptuveni tada pati.

Lannen Plantek 35 F konteineros audz&to ietvarstadu saglabaSanas
stadijuma pec divam sezonam svarstas no 87 % lidz 96.3 %. Garako stadu
saglabasanas bijusi nedaudz zemaka, bet visaugstaka saglabasanas konstatéta
1sakas grupas (31— 40 cm) stadiem ar lielako SKD.

Izmeéginajuma stadijums ,, RaupSas”-

Ietvarstadu dzinumu SM aprékinasanai izveidota modela determinacijas
koeficienta vertiba ir augstaka neka saknu SM aprékinasanas modelim —
attiecigi 0.934 un 0.415. letvarstadu saknu sist€mas veidoSanos ierobezo
konteinera $iinas tilpums, Iidz ar to stada saknu—virszemes dalas attieciba nav
tik proporcionala ka kailsaknu stadiem, tad€] arT determinacijas koeficienta
veértiba ir zemaka. Visu modelos ietverto parametru ietekme uz rezultativo
pazimi statistiski ir batiska (3.3. tabula).

Rootrainers  Sherwood konteineros audzgto berzu ietvarstadu
morfologisko parametru ietekmi uz pirmas sezonas augstuma pieaugumiem péc
iestadiSanas raksturojoSo determinacijas koeficientu vértibas (3.4. tabula)
svarstas robezas no 0.033 Iidz 0.147. Koku augstuma pieaugumi stadijuma
samazinas, paliclinoties stada dzinuma—saknes attiecibai, stada virszemes dalas
garumam un dzinuma SM. Pozitiva ietekme uz koku augSanu pirmaja sezona
pec iestadisanas ir D/H attiecibai.

Abos izméginajuma stadijjumos, kur izmantoti dazados konteineros
audz&ti berzu ietvarstadi, noskaidrots, ka stadmateriala razoSanai izmantota
konteinera veidam ir bitiska ietekme uz kocinu augsSanas raditajiem péc
iestadiSanas: Lannen Plantek 35 F konteineros audzg€tajiem ietvarstadiem
raksturigi labaki augSanas raditaji péc iestadisanas. Abos stadijumos konteinera
veida efekts uz koku augSanu verojams vismaz divus lidz tris gadus péc
iestadiSanas, iesp&jams arT ilgak, kas biitu noskaidrojams turpmakajos
pétijumos. lerikoto stadijumu turpmaka uzmériSana nakotné sniegs atzinumus
par koku diferencésanos audzes attistibas gaita.

Stadijuma ,, Kukuri” vislabakie augSanas raditaji ir stadiem, kas audzeti
Lannen Plantek 25 konteineros. Lai arT Sajos konteineros audzeta stadmateriala
augsta kvalitate ir visparatzita, So modeli bérzu ietvarstadu razoSana izmanto
arvien retak, jo kokaudzg€tavam ekonomiski izdevigaka ir jaunaka veida
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konteineru pielietoSana. Iepriek§ minéto konteinera modeli vairs nepiedava ari
razotajs, kas to aizstdjis ar modernakajiem Lannen Plantek 35 F un Lannen
Plantek 36 F konteineriem. Lidz ar to, planojot turpmako kokaudz&tavu
razo$anas attistibu, Lannen Plantek 25 konteineru izmantoSana nav perspektiva.

Stadu sekmigas augSanas nodro§inasana liela nozime ir ietvarstadu
razoSana izmantotajam konteinera veidam, ko raksturo vairaki faktori —
konteinera $tinas tilpums, dimensijas un forma, audz€sanas bieziba (stadu skaits
uz platibas vienibas), konteineru TpasSibas, kas nosaka saknu attistibu (gaisa
spraugas un ribas), substrata mitrumu un temperatiiru. Visi eksperimenta
izmantotie konteineru veidi ir modeléti ta, lai noverstu saknu saverpSanos un
nepielautu to augSanu arpus konteinera. Lidz ar to atzZimg&jami divi nozimigakie
faktori, kas ietekmé bérzu ietvarstadu augSanu — konteinera $tinas tilpums un
audzganas bieziba (stadi m™).

3.3. tabula / Table 3.3
Multiplas linearas regresijas koeficienti vienadojumiem ietvarstadu
dzinuma SM un saknu SM aprékinasanai
Parameters of multiple linear regression models for prediction of birch
seedlings shoot and root dray mass

Parametrs Koeficients Standartkjida
Parameter Coefficients Standard error P
Dzinuma SM / Shoot dry mass
Konstante -1.463 0.081 | 0.000
Constant
SKD
Root collar diameter 0.337 0.024 0-000
Dzinuma garums
Seedling height 0.0324 0.001 0.000
Saknu SM / Root dry mass

Konstante 0.582 0253 | 0.022
Constant
Dzinuma SM
Shoot dry mass 0.516 0.108 0.000
SKD
Root collar diameter 0.255 0.067 0.000
Dzinuma garums
Seedling height 0.0176 0.004 0.000

Promocijas darba izpildes gaita ierikoto eksperimentu s@rija nelauj
precizi noteikt, kura no konteinerus raksturojosam ipasibam nodro§ina b&rzu
ietvarstadu labaku augsanu péc iestadiSanas, jo visi tris eksperimenta pielietotie
konteineru veidi atSkiras gan p&c Sunu tilpuma, gan audz€Sanas biezibas.
Sliktakie augSanas raditaji abos izméginajumos ir mazakajos Rootrainers
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Sherwood konteineros audzetajiem ietvarstadiem. So konteinera tipu raksturo
ar1 lielaka audzgSanas bieziba.

Abos izméginajuma stadijumos, kur salidzinata dazados konteineru
veidos audz€tu un izméra grupas dalitu beérzu ietvarstadu augSana bijusajas
lauksaimniecibas zemju platibas, konstatéts, ka sekmigai stadijumu ierikoSanai
piemérotaki ir lielaka izméra stadi. Butiska ietekme uz koku augstuma
pieaugumiem un saglabaSanos stadijuma bijusi gan stadmateriala sakotngjam
garumam, gan SKD. Raksturigi, ka SKD pozitiva ietekme izteiktaka ir
1sakajiem ietvarstadiem.

3.4. tabula / Table 3.4
Pirma gada augstuma pieaugumu un bérzu ietvarstadu morfologisko
pazimju kopsakaribas raksturojoSie determinacijas koeficienti
Coefficients of regression of silver birch container stock morphological
parameters for predicting the first-year height growth

Morf. pazime R
Morphological parameter P
Dzinuma garums 0.139 0.000
SKD 0.036 0.000
Dzinuma SM 0.101 0.000
Saknu SM 0.033 0.000
D/H 0.107 0.000
dzinuma SM-saknu SM attieciba 0.145 0.000

Norvegija veikta pétijuma par bérzu stadmateriala ietekmi uz koku
turpmako attistibu stadijumos bijusajas lauksaimniecibas augsnés secinats, ka
apmezoSanai piemérotaki ir ietvarstadi ar sabalansétu D/H; ieteicama
kvalitativu bérzu ietvarstadu D/H attieciba - ne mazaka par 1 (Brunvatne 1997).
To dalgji apstiprina ari promocijas darba iegltie rezultati, tomér mingtais
ieteikums kvalitativa stadmateriala raksturoSanai nav universals. Abos
stadijumos apstipringjies, ka lielaks D/H vairak ietekmé Tsako stadu augSanu,
bet garakiem stadiem §1 raditaja ietekme uz koku augstuma piecaugumiem un
saglabasanos stadijumos nav vairs tik biitiska.

Lauksaimniecibas zemju apmezoSanu, salidzindjuma ar meza
atjaunosanu, uzskata par diezgan komplic€tu un riskantu pasakumu ar augstaku
neizdoSanas risku. Noskaidrots, ka bérzu augSanu lauksaimniecibas augsnés
liela méra nosaka stadjjumam pieejamais apgaismojums (Brunvatne 1997).
Platibas, kur ierikoSanas stadija augSanu limit€joss faktors ir konkurence ar
zalaugiem apgaismojuma d€l, priekSrocibas ir lielakiem stadiem (Grossnickle
2005). Atzinu par lielaka stadmateriala priekSrocibam stadijumos bijusajas
lauksaimniecibas augsn€s apstiprina arT miisu eksperimenta rezultati.
Promocijas darba dazada izméra bérzu ietvarstadu augSanas raditaji noteikti
divus un tris gadus vecos stadijumos, tomer arT §is empiriskais materials rada,
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ka lielaka izméra stadmateriala pozitivais efekts ir ilglaicigs un koku augstumu
atSkiribas starp faktoru grupam palielinas.

Tomer pastav vairaki faktori, kas ierobezo parlieku liela izméra meza
stadmateriala izmantoSanu apmezoSanai un icaudz€S$anai, jo lielu stadu
audzESana ir ekonomiski neizdeviga un dargaka ir ari stadu transporté$ana.
Liela izméra stadmateriala proporcijam jabiit attiecigi sabalansétam — lielakiem
stadiem nepiecieSama atbilstoSu izméru saknu sist€ma.

Par piemérotako  kvalitativa  stadmateriala raZzoSanai  bijuso
lauksaimniecibas platibu apmeZoSanai no izméginajuma parbauditajiem
konteineru veidiem atzistams Lannen Plantek 35 F . Salidzinot ar Rootrainers
Sherwood stadiem, Lannen Plantek 35 F konteineros audzetie berzu ietvarstadi
uzrada lielakus augstuma pieaugumus stadjjumos un par 5 % labaku
saglabasanos. So stadu aug$ana p&c iestadidanas noris vienmérigak un ir mazak
atkarTga no to sakotngjiem izmeriem.

Pétijuma materiala izvertéSanas rezultata iesp&jams definét bijuso
lauksaimniecibas zemju apmeZo$anai lietojamo bérzu ietvarstadu kvalitati
raksturojoSos parametrus. Par piem&rotakajiem mingto platibu apmeZoSanai
atzistami Lannen Plantek 35 F konteineros audzétie bérzu ietvarstadi, kuru
virszemes dalas garums ir 40 — 70 cm. Isaki stadi nav pietiekami
konkurgtsp&jigi augtenés ar stipru lakstaugu aizzeélumu, savukart garakiem
stadiem nesabalanstas saknu un dzinuma masas de] ir raksturigi sliktaki
augSanas raditaji.

Vislielaka ietekme uz koku augstuma pieaugumiem pirmaja sezona ir
ietvarstadu virszemes dalas un saknu SM attiecibai — pieaugot stada virszemes
dalas proporcijai pret saknpu masu par 1 vienibu, augstuma pieaugumi
samazinas par 15 cm. Sis morfologiskais parametrs izskaidro 14% no bérzu
augstuma picaugumu izkliedes pirmaja sezona péc iestadisanas.

Bitisks stadmateriala kvalitati raksturojoss raditajs, kura nozimigumu
apliecinajusi arT citu péfjumu rezultati, ir dzinuma-saknu attieciba. Lai ari
vairak lietots kailsaknu stadu kvalitates novertésanai (e.g. Andersen & Bentsen
2003), ta nozime apstiprinajusies arl petjumos par ietvarstadu kvalitati.
Zviedrija veiktais eksperiments pieradijis, ka dzinuma-saknu attieciba ir svarigs
kvalitati raksturojoss parametrs berzu un eglu ietvarstadiem, kuram ir bitiska
loma koku talakaja augSana péc iestadiSanas (Ryter er al. 2003). Atseviskas
publikacijas apsSaubita §1 parametra nozime skuju koku ietvarstadu kvalitates
raksturo$anai un ka galvenais raditajs izvirzita saknu sist€émas sp&ja generét
jaunas saknes jaunajos augSanas apstaklos péc parstadiSanas (Bernier et al.
1995, Salonius 2002).

Viens no iemesliem liela izméra ietvarstadu sliktakai augSanai péc
iestadiSanas ir saknu saveérp$anas (root-bound) - slikti attistita saknu sistéma,
kas veidojas veca tipa konteineros, kuros netika iestradatas ribas un gaisa
spraugas saknu augsSanas regul@Sanai. Saknu saveérpSanas, kas rodas mazos
konteineros audzgjot parak liela izmera ietvarstadus, izraisa saknu augSanas un
attistibas trauc€jumus péc izstadiSanas uz lauka (South & Mitchel 2005).
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Eksperimenti liecina, ka labaki augSanas raditaji ir ietvarstadiem ar juvenilu
saknu sisttmu (Salonius et al. 2002), kas vairak pétita skuju koku
stadmaterialam. ST atzina biitu aprob&jama arT turpmakajos pétfjumos par bérzu
ietvarstadu kvalitati.

Misu izméginajuma stadijuma Rootrainer Sherwood konteineros
audz&to beérzu ietvarstadu sakotn&jam SKD bijusi nenozimiga ietekme uz
koku augstuma pieaugumu veidoSanos pirmaja sezona pé&c iestadiSanas.
Turpretl Somija veiktaja petijuma par dazados konteineru veidos audzetu
bérzu ietvarstadu augSanu pec iestadiSanas konstateta tiesi SKD vislielaka
ietekme uz koku augSanu stadijuma (Aphalo & Rikala). Masu p@tijjuma
iegltie atSkirigie rezultati varétu biit skaidrojami ar to, ka Rootrainers
Sherwood konteineri ir ievérojami mazaki par tiem, kas izmantoti stadu
audzgSanai Somijas zinatnieku veiktaja eksperimenta. Acimredzot $ados
nelielos konteineros audz&tam stadmateridlam tie$i stadu morfologisko
parametru proporcijas ir tas limitgjoSais faktors, kas nosaka koku talako
augSanu.

Petljumi par stadmateriala kvalitati biitu paplasinami, tas noteikSana
pielietojot parbaudes testus, kas lautu novertét stadu fiziologisko stavokli
un konstatét vizuali nenosakamus bojajumus. Perspektiva metode ir saknu
elektrolita nopliides tests, ar kuru iesp&jams identificet sala izraisitus saknu
bojajumus. Zinatniskaja literatiira atziméts, ka salcietiba saknu sistémai var
veidoties stipri vélak neka stadu virszemes dalai, [idz ar to saknes ir vairak
paklautas sala bojajumu riskam (Bigras & Dumais 2005). Misu
kokaudzétavas stadmaterials ziema parasti tiek uzglabats uz lauka. Sadas
uzglabasanas ietekme uz bérzu ietvarstadu vitalitati lidz §im nav pétita.

3.3. Plantaciju iertkoSanas ar bérzu ietvarstadiem
sezonas ilgums

Koku augstums divas sezonas péc izméginajuma ierikoSanas statistiski
butiski atSkiras gan salidzinot pa stadiSanas terminiem (p=0.000), gan péc
augsnes sagatavosSanas veida (p=0.015). Koku augstumu bitiski ietekm&jusi ari
$o abu faktoru mijiedarbiba (p=0.000). Gradacijas klaSu salidzinasana ar Post
Hoc analizi uzrada, ka butiski lielaki augstumi ir kokiem, kas iestaditi 11. un
25. julija — attiecigi 65.7 un 57.5 cm (3.5. tabula).

Konstatéta bitiska stadijuma ierikoSanas termina un augsnes
sagatavoSanas veida ietekme arT uz koku saglabasanos (p=0.000), kas labaka
bijusi sezonas beigu stadijumos, bet vissliktaka - augusta stadijumos (3.9. att.).
Oktobra un novembra stadijumos koku saglabasanas divas sezonas péc
iestadiSanas bijusi lielaka par 80 %.

Salidzinot koku saglabaSanos stadijuma p&c augsnes sagatavosSanas veida, arl
iegti atSkirigi rezultati. Koku saglabasanas ar herbicidu apstradataja lauka dala
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labaka bijusi lidz oktobra sakumam veiktajos stadijumos. Ja stadiSana notikusi
velak, koku saglabasanas labaka bijusi stadijumos, kas ierikoti vagas. Loti zema
koku saglabasanas konstatéta stadijumos vagas, kas izdariti julija beigas un
augusta sakuma — 25. julija un 8. augusta — attiecigi tikai 42.7% un 2 %.

3.1. tabula / Table 3.5
Koku vidéjo augstumu (cm) gradacijas klasu dalijums grupas péc
statistiska butiskuma (Post Hoc analize)
Comparison of seedlings height with Post Hoc analysis

o o Grupas
1 2 3 4
191X 41.1 - - -
24X 42.5 42.5 - -
S5IX 44.7 44.7 - -
2 X1 449 449 - -
22 VII 472 47,2 - -
8 VIII 472 472 - -
3X - 479 - -
25 VIl - - 57.5 -
11vi - - - 65.7
p 0.098 0.229 1.000 1.000

Koku vidgjie augstumi divas sezonas péc stadijuma ierikoSanas pa
izm&ginajuma variantiem varié no 33.8 cm lidz 66.3 cm. Berzi, kas iestaditi
eksperimenta ierkoSanas sakuma terminos - 11. un 25. julija - ir garaki neka
pargjos variantos. Augsne visa izméginajuma stadijuma platiba tika sagatavota
viena panémiena. Sakuma iestadito koku lielakais augstums varétu bt
skaidrojams ar augsnes sagatavos$anas pozitivo efektu, kura ietekme zid,
atjaunojoties nezalu konkurencei - vasaras vidi apstradataja augsné lakstaugi
saz€lusi loti atri. Ari péc apstrades ar herbicidu nezalu atjaunoSanas
norisinajusies samera strauji — péc zales noviSanas un sadaliSanas sakusies
strauja lakstaugu seguma atjaunos$anas ar augsné esoSam s¢klam. Lidz ar to,
neatkarigi no apstrades veida, tikusi aizkavéta koku augstuma piecaugumu
veidoSanas.

Koku saglabasanas stadijuma ir loti atSkiriga gan salidzinot pa stadiSanas
terminiem, gan augsnes sagatavoSanas variantiem, un to ietekmgjis nokrisnu
daudzums stadiSanas gada vasaras meénesos. Vissliktak saglabajusies stadijumi,
kas ierikoti jiilija beigas un augusta sakuma (3.9. att.). Dobeles meteorologisko
noverojumu stacijas 2002. gada registréto nokri$nu daudzuma grafika redzams,
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3.9. attels. Koku saglabasanas stadijuma divas sezonas péc ierikoSanas
dalijuma pa stadiSanas laikiem un augsnes sagatavoSanas variantiem.
Fig. 3.9. Survival of seedlings after two growing season grouped by
planting date and soil treatment.

100 e m 2002 -
89.2 1950-2003 _

90 —

80 -
g 70
=
.g 60 +——
s 50.6
2 50 +—
153
2
&40
-
£
=)
Z 204

10 4

0
0 T T
VII VIII X X XI

Menesi / Months

3.10. attels. Dobeles meteorologisko novérojumu stacija registrétais
nokrisnu daudzums 2002. gada vasara salidzinajuma ar ilggadéjo
NovEérojumu normu.

Fig. 3.10. Precipitation in year 2002 at Dobele meteorological station and the
average of long-term observations.
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laika veiktajos stadijumos skaidrojama ar ilgsto$o sausumu. Koku saglabasanas
stadfjumos sausuma perioda samazinajusies abos augsnes sagatavoSanas
variantos, tomér stadfjuma vagas ta bijusi vél zemaka: ja stadijuma, kas ierikots
11. julija, saglabasanas ar herbicidu miglotaja un vagas uzartaja lauka bijusi
attiecigi 76 % un 70 %, bet 25. julija ierikotaja stadijuma - 76.6 % un 42.7 %,
tad 8. augusta iertkotaja stadijuma saglabasanas miglotaja platiba —59.3 %, bet
vagas iestaditie bérzi gandriz pilniba iznikusi un to saglabasanas pec divam
sezonam sastada tikai 2 %.

AtSkiriga saglabasanas izmégindgjuma stadijuma atkariba no augsnes
sagatavoSanas veida skaidrojama ar katra apstrades panémiena ietekmi uz
augsnes Ipasibam. Apstrade ar herbicidu iedarbojas tikai uz vegetaciju un
augsni neizmaina, savukart vagu veidoSanas gaitd augsne tiek atsegta joslas.
Tas acimredzot veicindjis atraku augsnes izziSanu, kamér ar herbicidu
apstradataja platiba mitrums augsné saglabajies ilgstosak.

Koku saglabasanas 5. un 19. septembri ierikotajos stadijumos bijusi
nedaudz augstaka ar herbicidu apstradataja platiba, kaut ari abu augsnes
sagatavoSanas veidu atskiribas ir nelielas — 2 ... 3 %. P&d&jos rudens sezonas
stadijumos koku saglabasanas vagas bijusi augstaka — 86.7 ... 90.7 % , bet
miglotaja platitba — attiecigi 81.3 ... 87.3 %. Tas skaidrojams ar to, ka vagas
apstradataja platiba augsnes sagatavoSanas efekts bijis ilglaicigaks, kamér
miglotaja platiba nezalu atjaunoSanas notikusi straujak — divu, tris ménesu
laika, un lidz ar to koku iznikSana Saja stadijuma dala bijusi nedaudz
palielinata. Kopuma jaatzimé, ka koku saglabasanas ar herbicidu apstradataja
platiba visas sezonas garuma bijusi vienmé&rigaka neka saglabasanas vagas.
Abos augsnes sagatavoSanas variantos koki labak saglabajusie rudens
stadfjuma. Vasaras vidi ierikotajos stadijumos koku saglabasanas miglotaja
platiba bijusi 76 % ...76.7 % , savukart rudens stadijumos (septembris —
novembris) — 77.3 % ... 87.3 %. Neskaitot sausuma perioda veiktos stadijumus,
iznikuSo koku skaits miglotaja platiba divu sezonu garuma nav parsniedzis 15 %.

2001.gada vasaras sezona tika veikts izmégindjuma stadijums,
izmantojot berzu ietvarstadus aktivas augSanas stadija. Vairaku iemeslu deél
stadijums gandriz pilniba iznika, jo kokaudzetava stadi bija inficéti ar bérzu
lapu riisu, savlaicigi netika veikta arT stadijuma agrotehniska kopsana, turklat
nenobriedusie stadi nereti tika mehaniski bojati transportésanas un izstadiSanas
laika.

JaatzZim&, ka vasaras sakuma un vida ietvarstadi vél nav pilnigi
parkoksngjusies un to virszemes dalas dzinumi ir oti jutigi pret mehaniskiem
bojajumiem. Ari vaji attistita saknu sistéma vél slikti notur substratu, tadgl
dalgji atkailinatas saknes paklautas iesp&jamiem bojajumiem transporté$anas un
izstadiSanas laika. SalapojusSu ietvarstadu transport€Sana aktivas augSanas faze
pielaujama tikai slégta transporta — pretgja gadijuma lapu un stumbru bojajumi
ir nenoveérSami. Jauno stadu iestadiSana ir diezgan apgriitinata, jo saknu kamols
viegli irst un saknes var giit savainojumus; savukart loti riipigi izdarama stadu
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nogadasana stadiSanas vieta, ka arT pati stadiSana, lai pasargatu jutigos stadus
no bojajumiem. Lai izvairitos no stadmateriala savainoSanas, stadi uz lauka
parvietojami konteineros, no kuriem iznemami tikai pirms pasas izstadisanas.
Lidz ar to stadijumu ierikoSana vasaras sakuma un vida ir stipri sarezgita un
mazefektiva salidzinajuma ar tradicionalo stadisanas laiku pavasari vai rudent.

AT citos petijumos uzsvertas problémas, kas rodas, ja vasaras stadijumu
veidoSana izmantoti akttvi augosi, vel neparkoksngjusies stadi. LVMI "Silava"
zinatnieku veiktaja izméginajuma, stadijumu ierikosana pielietojot priezu un
eglu ietvarstadus visas vegetacija sezonas garuma, secinats, ka nav v€lama
ietvarsgjenu izstadiSana jlinija otraja—jilija pirmaja pus€, t.i. jauno dzinumu
intensivas augSanas faz€, kad kocini pateéré ievérojami daudz tdens
transpiracijai un tade| seviski jutigi reag€ uz augsnes un gaisa sausumu. Jaunie
dzinumi ir neizturigi un viegli savainojami gan transport€Sanas, gan
izstadiSanas laika (Broks 2004). Pétjjuma par stadiSanas sezonas pagarinasanu,
pielietojot eglu ietvarstadus, somu zinatnieki konstatgjusi, ka stadiSana
veiksmigi izdarama lidz pat jinija sakumam, bet ja ta notiek vasaras vidd,
pieaug stadu mehanisko bojajumu risks (Luoranen et al. 2005). Izméginajumos
ar egli konstatets, ka paaugstinatas stadu iznikSanas risks vasaras stadijumos
iesp&jams tikai tada gadijuma, ja sausums ildzis vairak neka tris ned€las un ar
nosacTjumu, ka ietvarstadi pirms laistiSanas ir labi samitrinati (Helenius et al.
2002, Helenius et al. 2005). Savukart ASV zinatnieki iesaka aktivi augosu
skuju koku stadmaterialu izstadit ne agrak ka jilija sakuma, kad stadmaterials
atrodas stadiSanai pierétota fenologija faze (Kiiskila 2005).

Somu zinatnieki atzist, ka bérzu ietvarstadu stadiSsana sekmigi izdarama
lidz pat augusta sakumam, bet stadTjumos rupjas smilts (grants) augsnés pieaug
izziSanas risks (Luoranen et al. 2003). Saja sakara atzim&ams, ka Latvija
ekstréma sausuma apstaklos palielinats risks vasaras stadijumu ierikoSanai
pastav ari nosusinatajas kadras augsnés. Miisu izméginajuma stadijums ierikots
smaga smilSmala augsné, tade| izdaritie secinajumi ar zinamu piesardzibu
attiecinami uz augsnu tipiem ar nestabilu mitruma rezimu.

Neskatoties uz to, ka miisu eksperiments ierikots smilsSmala augsné, sala
izraisita bérzu ietvarstadu ,,izcilaSana” ziemas laika nav notikusi, par ko liecina
augsta koku saglabasanas rudeni veiktajos stadijumos. Eksperiments apliecina,
ka bérzu ietvarstadu izstadiSana gan vasard, gan rudeni ir iesp&jama un
rekomend€jama ievieSanai mezsaimnieciskaja razosana. Stadijumu ieriko$ana
partraucama, ja iestdjies ilgsto$s sausums (3...4 ned€las). Platibas apstrade ar
herbicidu ir piemérotakais veids vasaras stadijumu ierikoSanai. Apstrade
veicama 1si pirms stadiSanas. Herbicida patérina samazinasanai platibu var
mark&t un apstradat joslas. StadiSana uzsakama tad, kad herbicida iedarbibas
rezultata sakusies zales atmirSana un sadaliSanas. Glifosatu saturosie herbicidi
iznicina ne tikai augu virszemes dalas, bet arT saknu sistému, kas ieverojami
atvieglina stadiSanu. Platibas apstradi ar herbicidu ieteicams izdarit vasaras
sakuma - augu aktivas augSanas laika. Herbicids vajak iedarbojas uz nobriedusu
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zali, Tpasi graudzalém (kamolzale), tad€] apstrades rezultats var biit mazak
efektivs. Vasaras otraja pus€é sekmiga ir atala apstrade ar herbicidu. Rudent
herbicida pielietosana ir apgriitinata, jo apstrades laika zale ne vienm@r ir sausa
un ari nokri$ni (ja tie sakas 2 ... 4 stundas p&c miglosanas) ievérojami pasliktina
herbicida iedarbibu.

Aktivi augoSu berzu ietvarstadu izmantoSana stadfjumu ierikoSanai
vasaras stadfjumos saistita ar ievérojamu risku savainot stadus transportéSanas un
izstadisanas laika, tade] praksei nav ieteicama. Stadijumu ierikoSana ar taja pasa
sezona izaudz€tiem berzu ietvarstadiem uzsakama p&c stadu nobrieSanas un
kompaktas, blivas saknu sisteémas izveidoSanas — sakot ar julija otro pusi.

NepiecieSami petfjumi par saldétavas miera stavoklt uzglabata
stadmateriala izstadiSanu vasaras sakuma. Somija veiktie p&tfjumi apstiprinajusi,
ka $adi uzglabati eglu stadi ir veiksmigi izmantojami stadijumu ierikoSanai
vasaras sakuma (Luoranen er al. 2005). Bérzu stadmateriala uzglabasana
saldétavas Latvija vel netiek praktizéta: pagaidam vienigi A/S "Latvijas Valsts
mezi" pielieto $o tehnologiju skuju koku stadmateriala uzglabasanai.

SECINAJUMI UN IETEIKUMI PRAKSEI

1. Beérzu ietvarstadu razoSanai kokaudzEtava izmantojot Rootrainers
Sherwood konteinerus, iesp&ams iegiut par 17.9 % vairak stadu neka
stadmaterialu audzgjot Lannen Plantek 35 F konteineros. Tomer
Rootrainers Sherwood konteineros audzétie stadi ir vairak izstidzgjusi un
to virszemes dalas garums ir neproporcionals attieciba pret saknu sistemu,
ka rezultata So stadu augSanas raditaji pec iestadisanas ir sliktaki.

2. Pamatojoties uz labakiem augSanas raditajiem péc stadijuma ierikosanas,
Lannen Plantek 35 F konteineros audz&to ietvarstadu cena objektivi varétu
bt par 10...20 % augstaka neka Rootrainers Sherwood ietvarstadiem, kas
lautu izlidzinat kokaudzEtavas apgrozijuma starpibu, kada rodas,
stadmaterialu audzgjot lielakajos Lannen Plantek 35 F konteineros.

3. Konteineros ar lielaku $tnu tilpumu un mazaku audz€Sanas biezibu
audzg€to beérzu ietvarstadu augstuma pieaugumi un saglabasanas stadijumos
bijusajas lauksaimniecibas platibas tris gadus péc iestadiSanas ir labaki
neka mazakos konteineros audzEtajiem stadiem. Lannen Plantek 25
konteineros audzgtajiem stadiem saglabasanas stadijuma bijusajas
lauksaimniecibas platibas tris gadus péc stadfjuma ierikoSanas ir par 8.7 %
, bet Lannen Plantek 35 F konteineros audz&tajiem stadiem par 5 %
augstaka neka Rootrainers Sherwood konteineros audzgtajiem stadiem.

4. Pozitiva ieteckme uz bérzu ietvarstadu augSanu péc iestadiSanas ir
stadmateriala lielakai saknu/virszemes dalas masas attiecibai un stadu
saknu kakla diametra/virszemes dalas garuma attiecibai. Mazajos
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konteineros audzgtie garie stadi ar neproporcionali siku saknu sistému
pirmaja gada péc iestadiSanas paklauti lielakam parstadiSsanas stresam,
tade] tie veido mazakus augstuma picaugumus, kas savukart pazemina to
konkurétsp&ju pec iestadisanas.

5. Berzu ietvarstadi ar lielaku virszemes dalas garumu un saknu kakla
diametru veido lielakus augstuma pieaugumus péc iestadiSanas un to
saglabasanas stadijumos bijusajas lauksaimniecibas augsnés ir augstaka.
Isako stadu labu augSanas raditdju nodroinaSanai stadijumos Tpasi
nozimigs ir lielaks saknu kakla diametrs; garakiem stadiem S$1 parametra
nozime ir mazak bitiska.

6. No petijuma izvertetajiem ietvarstadu veidiem par piemérotako bijuso
lauksaimniecibas augSnu apmezoSanai uzskatami Lannen Plantek 35 F
konteineros audzgtie bérzu ietvarstadi ar virszemes dalas garumu 40 — 70
cm. Isdki stadi nav pietickami konkurétspgjigi augtenés ar spécigu
lakstaugu aizz€lumu, bet garakiem stadiem raksturigi sliktaki augSanas
raditaji un lielaks parstadiSanas stress nesabalansétas saknu un dzinuma
masas dél. Stadijumu ierikoSanai pieméroti arT 30 — 40 cm gari ietvarstadi,
ja to saknu kakla diametrs ir vismaz 4...5 mm.

7. Vasaras un rudens stadijumu ieriko$ana ar bérzu ietvarstadiem ir sekmigi
pielietojama ka sava veida pasakums stadiSanas sezonas pagarinaSanai un
darbaspeka un tehnikas izmantoSanas optimizéSanai. Stadi pirms
izstadiSanas riipigi samitrinami; salapojosi stadi parvietojami tikai slégta
transporta lidzekli. Iestajoties ilgstoSam sausuma periodam (3...4 nedglas),
stadfjumu ierikos$ana biitu partraucama.

8. Vasaras stadijjumu ierikoSanai nav ieteicama aktivi augoSu,
neparkoksné&jusos, taja pasa sezona izaudz&tu ietvarstadu izmantoSana, jo
to dzinumi un saknpu sistéma ir viegli savainojami transport€$anas un
stadiSanas laika. NepiecieSamibas gadijuma stadijumu ierikosanai pielietot
viengadigus stadus pielaujams tikai p&c to parkoksnésanas — sakot no jilija
beigam vai augusta sakuma. Obligats prieksSnoteikums stadmateriala
izmantoSanai vasaras stadjjumu iertkoSanai — stadu saknu sist€émai jabiit
labi attistitai, stingrai un kompaktai.

9. Vasaras stadijjumi, kas ierikoti vagas sagatavota platiba, ir paklauti
lielakam izzuSanas riskam. Labaka metode platibas sagatavosanai, ierikojot
stadfjumus bijusajas lauksaimniecibas zemés, ir tas apstrade ar herbicidu.
Miglosanai izmantota herbicida daudzumu samazinasanai, lauka apstrade
izdarama joslas. StadiSana ar herbicidu apstradata lauka uzsakama tikai péc
tam, kad apmiglotas nezales jau sakusas sadalities — divas lidz tris ned€las
péc apstrades. Rudens stadijumos, kad zale ir nobriedusi un
parkoksngjusies, platibas apstrade ar herbicidu ir mazak efektiva.
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1. GENERAL
Background

The land reform after Latvia regained sovereignty and the decline of
food production have in recent decades reduced the area of cultivated
farmlands. As a result a considerable amount of lands have not been managed
for almost 20 years. A public debate about the use of these lands for energy
crops and short rotation plantation cultivation of forest crops have been
initiated, however, notable shift toward active management of abandoned
farmlands has not been reached yet.

An afforestation of abandoned agricultural lands is one of the options (in
many cases the only one) for economically sound management of these lands
both from the forest owner’s and the government point of view. Since the
accession of Latvia to the European Union, the promotion of afforestation of
former farmlands has been implemented with the help of EU structural funds.
The tax policies of the state also encourage the forest-owners to afforest surplus
lands as there is no real estate tax imposed on young forest stands.

A number of studies are carried out in Latvia to find the most suitable
methods for soil cultivation and weed control when establishing forest
plantations on former agricultural lands. Hundreds of hectares of new
plantations are established every year. However, numerous failures indicate
problems to be solved to improve the establishment technologies and achieve
better results in afforestation.

One of the issues that have been neglected so far is the quality of
planting stock and its impact on afforestation success. The technologies for
production of birch container seedlings are implemented in Latvia recently. The
field performance and suitability of this planting stock for afforestation
purposes has not as yet been tested. This objective is one of the topics in this
research. Other objective of thesis is to evaluate the possibilities of using birch
container stock for summer and autumn plantings in former agricultural lands.
The implementation of this technology could optimise the use of labour force
and techniques in establishing plantations and in planting stock cultivation at
forest nurseries.

Aim of the thesis

The aim of the thesis is to evaluate the field performance of birch
container stock produced in Latvia and its suitability for afforestation purposes
and to justify the use of birch container stock for summer and autumn plantings
in former agricultural fields.
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Major objectives

1. To evaluate the impact of two container types — Rootrainers Sherwood
and Lannen Plantek 35 F on morphological parameters of planting stock
and the volume of production at forest nursery.

2. To assess the importance of morphological parameters of birch container
seedlings and containers used for production on the field performance —
height growth and survival in the first seasons on former agricultural

land.

3. To define the target parameters for birch container seedlings for
afforestation purposes.

4. To estimate the possibilities to use the birch container seedlings for

establishment of plantations on former agricultural lands in summer and
autumn seasons.

Scientific novelty

Studies about the significance of silver birch container seedling quality
for uses on former agricultural lands have been performed in Norway
(Brunvatne 1997). The impact of seedling cultivation technologies and
morphological traits of birch container stock on field performance has been
assessed in Finland (Aphalo & Rikala 2003, 2006). In Latvia the bulk of birch
container stock is produced in containers of different types (Rootrainers
Sherwood) than commonly are applied in Scandinavian countries. The quality
of birch planting stock produced in Rootrainers Sherwood containers have not
been evaluated so far. The quality parameters of birch container stock have not
been developed for Latvian conditions.

Experiments about summer planting of birch container stock have been
set up and evaluated in Finland (Luoranen et al. 2003). In Latvia, a research
project has been launched to assess the use of Scots pine and Norway spruce
container stock in summer planting in forest sites (Broks et al. 2004, 2005).
The given study about summer and autumn planting of birch container
seedlings on former agricultural lands is the first experiment of this kind
performed in Latvia.

Practical significance

Research on the applicability of container technologies in Latvia for
quality birch container seedling production will generate new knowledge that
can be applied for optimizing the production in existing forest nurseries and
develop guidelines for the nurseries that will be arranged in future. The JSC
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Latvijas Finieris initiated this research effort. This company, following the
results of this research, has changed the Rootrainer Sherwood containers used
earlier in their own forest nursery for those of Lannen Plantek 35 F in order to
improve the quality of seedlings.

The establishment of forest plantations in summer and autumn is not
widely applied in our country so far — traditionally forest planting season is
spring. Our research has approved the opportunity of establishing birch
plantations on former agricultural land during whole vegetation season. The
wider application of summer and autumn planting is forecast in the near future
when mechanical planting will have greater part in forest planting process in
Latvia. The initiation of several research projects by forestry companies in field
of summer planting of broadleaved and coniferous container planting stock can
serve as an approval to this assumption.

Approbation of research results

The results of research have been presented in four international and two
national conferences. Three articles nave been published in proceedings of
international conferences and one in national scientific journal. A paper has
been processed and submitted to international scientific journal “Baltic
Forestry”. The research work has been compiled in three projects reports.

Structure and coverage of thesis

Chapter 1 of the thesis analyses the current status of birch in Latvian
forestry and forest industry and describes the technologies used for birch
container seedling production in Latvia and abroad proceeding from literature
studies. The evaluation of present volume of domestic birchwood resources and
predictions about the future developments are given in first subdivision of
Chapter 1. This subdivision evaluates the possibilities to increase the volume of
birch resources through afforestation efforts. Second subdivision deals with the
technologies for birch container seedling production. The container
technologies are evaluated in terms of the physiological and silvicultural
properties of silver birch. In the third subdivision attention is given to the
theoretical aspects of forest seedling quality and the factors and parameters,
which are decisive for the planting stock quality. The literature study in this
chapter is with a focus on the quality of birch container seedlings and the ways
of improving birch planting stock.

The first and second subdivisions of Chapter 2 accordingly describe the
experimental material and the methods of data analysis. The evaluation of
statistical significance and the presentation of results are given in third
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subdivision of this chapter. The comparison of the results obtained with similar
studies in other countries and discussion about practical significance of our
research is presented in the fourth subdivision of Chapter 2.

Thesis contains 104 pages, 15 tables, 34 figures and pictures and 276
references.

2. MATERIAL AND METHODS

To evaluate the impact of container technologies on the variations of
morphological traits of birch container seedlings, in 2003 the assessment of
seedlings grown in two container types, Sherwood and Lannen Plantek 35 F,
was performed in the forest nursery “Zabaki”. The seedling height was
measured within accuracy of 1 cm and seedlings root collar diameter within
accuracy of 0.1 millimetre. The effect of containers used for rearing seedlings
on the volume of production was also estimated.

Three outplanting experiments were established in former agricultural
fields in the Ukri rural municipality of the Dobele district to evaluate the impact
of container type used for rearing birch seedlings and the morphological
parameters of planting stock on the field performance of seedlings.
Experiments were laid on in 2002 and 2004, and the height growth and survival
were evaluated in the first two — three years after outplanting.

The first experiment at “Kukuri” was staged in 2002, using birch
container seedlings reared in three types of containers (Rootrainers Sherwood,
Lannen Plantek 35 F and Lannen Plantek 25) that were divided into groups
according to seedling height and root collar diameter (12 variants altogether).
The second experiment at the locality “RaupSas” (outplanting experiment
“Raups$as” -1) was arranged in 2004, using birch container stock grown in two
types of containers (Rootrainers Sherwood, Lannen Plantek 35 F) and divided
in groups in a similar way as described above (18 variants altogether). The first
outplanting experiment was staged in four replications (48 seedlings in a
parcel) and the second one in six replications (9 trees in a parcel). Both
plantations had a density of 2,500 trees per hectare at planting distance 2 meters
both between the rows and within a row.

To assess the impact of several key morphological parameters (seedlings
height, root collar diameter, root/shoot ratio and index of sturdiness) on the
first-year height growth of birch container seedlings out in the field, the
outplanting experiment was done by using birch container seedlings reared in
the Rootrainers Sherwood containers (outplanting experiment “Raupsas”-2).
Outplanting was done randomely with planting density of 2,500 trees per
hectare at planting pattern 2 x 2 meters. Two hundred of seedlings from the
same batch of seedlings were analysed in laboratory to determine the dry
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weight of root and shoot part of seedlings. Seedlings were dried in an oven at
105° C till the constant weight was reached. The laboratory data were used to
create the regression models for calculating the seedling root and shoot dry
mass.

To prove that it is possible to plant out birch container seedlings during
summer and autumn an outplanting experiment was staged in 2002 in the Ukri
rural municipality of the Dobele district. The planting was done in every second
week from July 11 to November 2, 2002, on nine occasions altogether. The soil
treatment was done in one case before planting, using two methods — herbicide
treatment (June 20) and furrowing (June 20). The experiment was arranged in
six replications by 25 seedlings per parcel. The planting density is 2,500 trees
per hectare at planting pattern 2 x 2 meters.

Both parametrical and non-parametrical statistical methods were used in
data analysis. The computer software SPSS for Windows 12 was applied.

The Kolmogorov-Smirnov and Levanie’s tests were performed on the
data to test the normality and homogeneity of the variances (Field 2005). To
identify statistically significant differences between the treatment groups the
Post Hoc procedure were performed using the Tukey’s test. Survival of
seedlings in plantations as an effect of examined factors (type of container,
seedlings height and root collar diameter) was assessed using the Kruskal-
Wallis test, which is considered an alternative to one-way ANOVA for the data
of dichotomous and interval scales (Paura, Arhipova 2002). Factor analysis was
performed by ANOVA using the SPSS GLM procedure.

Multiple regression models were developed to predict the birch
container seedlings root and shoot dry weight (DW). The birch seedlings shoot
and root DW were used as parameters that characterise the proportions of
seedlings’ vegetative parts. In the next steps of analysis the impact of
morphological parameters of Sherwood Rootrainer seedlings in the experiment
“Raupsas”-2 was assessed using linear regression.

In the data analysis of summer and autumn planting experiment the two-
way ANOVA was performed; tested factors — planting date and the soil
treatment.

3. RESULTS

3.1. Impact of container type on the morphological traits of
birch container seedlings and the volume of nursery production

The mean values of Rootrainers Sherwood and Lannen Plantek 35 F
seedlings height, root collar diameter and D/H values significantly differ at the
level of p=0.000. The birch seedlings grown in Sherwood containers are
slightly higher than those in Lannen Plantek 35 F containers (Table 3.1). The
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height of Sherwood Rootrainer seedlings is by 3.8 % bigger but root collar
diameter by 9.6 % less than that of Lannen Plantek 35 F seedlings, while the
index of sturdiness (D/H) of Lannen Plantek 35 F seedlings is by 13.3 % bigger
than that of Sherwood Rootrainer seedlings.

The evaluation of morphological parameters of birch container seedlings
in forest nursery reveals the same effect as described in others studies — high
growing densities of birch container seedlings provoke their spindling due to
insufficient light intensity. The growing density of Lannen Plantek 35 F
container system is considerably smaller than that of Rootrainers Sherwood
containers — 291 and 423 seedlings per square meter. Because of more intensive
self-shading, the Sherwood Rootrainer seedlings are slightly higher even if the
volume of container cell (and the volume of substrate as well) in this container
system is smaller. With the seedling height getting higher the index of
sturdiness is diminishing for seedlings of both container systems (Fig. 3.1).
More markedly it happens with seedlings grown in Rootrainers Sherwood
containers. If it is assumed that index of sturdiness should be grater than 1, as
recommended in literature, the height of Rootrainer Sherwood seedlings should
be no less than 40 centimetres with that of Lannen Plantek 35 F seedlings little
more than 50 centimetres. It suggests that in Lannen Plantek 35 F containers
seedlings may grow taller than in Rootrainer Sherwood to keep the favourable
balance of height and diameter. That is of great importance when the seedlings
are planted in sites with heavy weed competition.

For Rootrainer Sherwood and Lannen Plantek 35 F containers the
amount of salable birch seedlings is 71.3 % and 85.4 %, respectively. The
production of birch container planting stock at nursery is 302 and 248 seedlings
per square meter respectively, when Rootrainer Sherwood and Lannen Plantek
35 F containers are involved. According to our results, the use of Rootrainer
Sherwood containers for birch seedling cultivation allows to increase the output
by 17.9 %. Calculated on the productive area of forest nursery “Zabaki” (800
m®) the gain of use of these containers is 43,000 seedlings within one
production cycle. If the calculation is made using the present price of birch
seedlings, the financial turnover is increasing by 4,300 LVL.

3.2. The field performance of birch container seedlings on
former farmlands regarding their morphological
parameters and the containers used

In the outplanting experiment at “Kukuri” three years after
establishment the seedlings height showed statistically significant (p=0.000)
effect of containers used for seedling cultivation. The height growth of
seedlings demonstrated that differences between the variants have increased
during three years of growth out in the field (Fig. 3.2). A superior growth in
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height is demonstrated by birch seedlings reared in Lannen Plantek 25
containers whereas the Rootrainers Sherwood seedlings showed the worst
performance.

In 2002, the mean height of Lannen Plantek 25 seedlings is significantly
bigger than that of Lannen Plantek 35 F while the Rootrainers Sherwood
seedlings showed no difference between each other. In 2003 and 2004,
significant differences are detected between all variants and the advantages of
bigger containers are even more pronounced. If after the first year of growth
out in the field the Lannen Plantek 25 seedlings outperform the Lannen Plantek
35 F and Rootrainer Sherwood seedlings by 3.2 and 3.9 centimetres,
respectively, then after three years the differences between the plants reached
8.8 and 16.9 centimetres, respectively.

The significant effect of container type used for birch seedlings
production on seedling survival is demonstrated by seedling performance three
years after planting out (p=0.002). Seedlings reared in Lannen Plantek 25
containers showed markedly higher survival as compared to Lannen Plantek 35
F and Rootrainers Sherwood seedlings and outperformed them by 3.4 and 8.7
%, respectively. Analysis of seedling mortality in a plantation reveal that the
differentiation between experimental variants is more pronounced within first
two years after outplanting and later become negligible (Fig. 3.3).

In the experiment at “Raupsas -1, the height growth of Lannen Plantek
35 F seedlings two years after planting out is significantly (p=0.000) superior
than that of Rootrainer Sherwood seedlings of the same initial size being 13.4
cm taller on the average (Fig. 3.4.). The seedling survival reared in Lannen
Plantek 35 F is higher than for Rootrainers Sherwood seedlings though the
differences are not statistically significant (p=0.007) (Fig. 3.5).

The statistically significant differences are detected when comparing the
survival between groups of initial Rootrainers Sherwood seedling height
(p=0.014). After the first season out in the field the mortality of shortest
seedlings is markedly higher then in other groups (Fig. 3.6). After second
growing season the differences between the groups has remained almost the
same — the survival of seedlings of initial height of 31-40 centimetres is by 10.5
% and 9.9 % less then for seedlings of initial height of 41-50 cm and 51-60 cm,
correspondingly.

The survival of Rootrainer Sherwood seedlings in experimental
plantings has significant (p=0.008) variation regarding their initial root collar
diameter (RCD) as well. The impact of seedling root collar diameter of on the
survival of seedlings is more pronounced in the first year after planting out.
After the second season in the field the differences between the groups of initial
root collar diameter remain similar — the survival of thinnest seedlings is less by
12.4 % and 8.1 % - for medium thickness and thick seedlings.

The comparison of the survival of Rootrainer Sherwood seedlings
among all the experimental groups (Fig. 3.7) show that the thinnest birch
seedlings and seedlings in the intermediate group of RCD of initial height of
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31-40 cm has markedly higher mortality after two seasons in field than in other
groups — 66.7 % and 75.9 %, respectively. On the contrary, the thickest
seedlings of the same initial height group show high survival rate (90.7 %),
which is comparable with that of the seedlings of greater initial height. The
differentiation of seedling survival according to their initial RCD is observed
for seedlings of the initial height 41-50 cm but not for seedlings of the initial
height 51-60 that have shown similar survival in all the groups of initial RCD.

The initial height of Lannen Plantek 35 F seedlings affected two-year
height growth in field (p=0.000) but no significant differences are detected
among the groups of initial RCD (p=0.383). Significant impact on height
growth is caused by interaction of both above factors (p=0.030). Seedlings of
initial height 31-40 cm after two seasons in the field have reached the same
height as the seedlings of initial height 51-60 cm. After two-year growth the
height of seedlings of greater initial height (71-80 cm) remains superior
although showing poor height increment during this period.

The Lannen Plantek 35 F seedling survival after two year growth in field
vary from 87 % to 96.3 %, being higher for seedlings of greater initial height
(Fig. 3.8) though the differences among the groups lack statistical approval
(p=0.665). As with the figures analysed before, typical is the differentiation in
survival rates of seedlings between experimental groups in first season after
planting out, later maintaining similar differences between the groups.

Outplanting experiment “Raupsas -2

The regression coefficients for models for predicting the shoot DW of
birch container seedlings has a greater value than that for root DW prediction
model — 0.934 and 0.415, respectively. The development and amount of
container seedlings root system is limited by the volume of container cell where
the root system and the shoot of container seedlings have different proportions
than for bareroot planting stock. This could be an explanation for less accuracy
of regression model for root DW prediction. All coefficients included in the
above-mentioned models have statistically significant impact on predicted
parameters (Table 3.3).

The values of regression coefficients characterizing the impact of
Rootrainer Sherwood birch container seedling morphological parameters on the
first-year growth in field vary from 0.033 to 0.147 (Table 3.4). Greater D/H
values have positive impact on seedlings height increment out in the field.
Seedlings of grater initial height and greater shoot/root ratio have produced
smaller height increments after planting in former agricultural lands.

The significance of container type used for cultivating birch seedlings is
demonstrated in both outplanting experiments where seedlings grown in
different containers were planted out. Seedlings grown in Lannen Plantek 35 F
containers showed better field performance than the Rootrainers Sherwood
seedlings. The permanent effect of containers used for seedlings production has
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been observed during two and three years after planting out — the period when
the evaluation of the experiment was made. Further evaluation of seedling
performance will give additional information about the differentiation of trees
in the stand depending on their production technology.

In the “Kukuri” experiment the best field performance was demonstrated
by the birch seedlings produced in Lannen Plantek 25 containers. Although
seedlings reared in these containers are known to be of superior quality, this
type has become unpopular for birch container stock production due to greater
economical efficiency of newly developed container systems, which yield more
seedlings per productive area in the nursery. The Lannen Plantek 25 containers
are not in available with the producing company and are constantly substituted
with ever new products - Lannen Plantek 35 F and Lannen Plantek 36 F.
Thereof the old-fashioned Lannen Plantek 25 containers cannot be considered
as a perspective choice in planning birch seedling production in nurseries.

The shape of containers used for seedling has great importance for
ensuring the growth in the field and is affected by a number of key features —
the volume, shape and dimensions of the container cell, growing density (cells
per square metre) and the features influencing the root formation, humidity and
temperature of growing substrate — air slits etc. All containers used in the
experiment are made to promote proper development of root system and
prevent the root-bound. Therefore the greater proportion of variations in
seedling field performance in experiments is explained by two factors — the
volume of the cell and growing density.

In this study we cannot clearly detect exactly what container features are
responsible for better field performance of birch seedling in outplanting
experiments since all three containers included in experiment have both
different cell volume and growing densities. In both the experimental
plantations the worst field performance was shown by the seedlings grown in
the smallest Rootrainers Sherwood containers. This container type is
distinguished by greater growing density compared to two others containers.

In both experiments Lannen Plantek 35 F seedlings have better survival
than Rootrainers Sherwood seedlings, gain the advantage by 5 %. According to
our results, when Lannen Plantek 35 F seedlings are used for afforestation and
the target density of plantation is 2,000 trees per hectare, the financial gain
(costs of planting material 100 LVL per thousand seedlings and 0.03 LVL for
planting of each seedling) is 13 LVL per hectare compared to the Rootrainer
Sherwood seedlings. If it is assumed that the use of Lannen Plantek 35 F
seedlings allows avoiding one occasion of weed control owing to better height
growth of seedlings compared to the Rootrainer Sherwood seedlings (Fig. 3.4),
the total financial gain of this kind of planting stock is 73 LVL per hectare.

It should be pointed out that better field performance of better quality
planting stock will manifest itself only in case when the attention is paid also to
other significant factors of forest establishment in farmlands — selection of
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appropriate site and sufficient pre-planting soil treatment and post-planting
weed control.

The advantage of bigger seedling size was proved in both experiments
where the performance of birch seedlings sorted in groups according to initial
height and RCD were tested. Both greater height and RCD have significant
impact on height growth and survival of seedlings in the field. It was found that
greater RCD is more crucial for the performance of shortest seedlings and less
important for the survival and height growth of tallest seedlings.

In the study about the significance of birch container stock quality for
afforestation success performed in Norway the role of balanced D/H ratio is
emphasized. The birch container seedlings with index of sturdiness (D/H)
above 1 are recommended for afforestation purposes (Brunvatne 1997). Partly
it is in agreement with our results where the positive role of balanced seedlings
height and RCD is revealed in all outplanting experiments but our research has
discovered that the D/H ratio is more important for field performance of
smaller seedlings whereas for taller seedlings this feature is not critical.

The afforestation of former farmlands, where failures are quite common,
is far more difficult than forest regeneration on a cutover. The field growth of
birch seedlings is to a great extent is limited by light availability (Brunvatne
1997). In the sites where the extensive weed competition in the establishment
phase is crucial the use of larger seedlings is advisable (Grossnickle 2005). The
results of our experiments, too, support this assumption. In our study the field
performance of birch seedlings has been fallowed up for two or three years
only. However, the lasting effect of seedling size has been observed and the
differentiation between experimental groups is continuing.

Although the advantages of bigger seedlings for afforestation are
obvious, there are some factors limiting seedling size. The production costs of
larger-size planting stock can be inadequate to the effect gained. The balance
between seedling root volume and shoot height should be achieved, which
requires bigger container cavities, thus reducing the cost efficiency of planting
stock production.

In our study the preference of Lannen Plantek 35 F container is
recommended for quality birch container stock production for the needs of
afforestation. Compared to the Rootrainer Sherwood containers widely used for
birch seedling production in Latvia, the seedlings produced in Lannen Plantek
35 F containers have demonstrated better field performance. Birch planting
stock produced in Lannen Plantek 35 F containers is more uniform, ensures
predictably good afforestation results, and is less dependent on the initial
morphological traits of seedlings.

As the experiment with Rootrainer Sherwood container seedlings
teaches, the most significant effect on the first-year height growth is made by
the shoot/root ratio. If the value of shoot DW over the root DW is increasing by
one unit, the first-year height increment gets reduced by 15 centimetres. The
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shoot/root ratio accounts for 14% of the total variation in first-year height
growth for birch seedlings.

The shoot/root ratio of forests planting stock is the feature whose
significance is proved by a number of studies abroad. Although this parameter
is commonly applied for describing bare-root planting stock quality (e.g.
Andersen & Bentsen 2003), its importance for container planting stock is
acknowledged as well. The study performed in Sweden proves that the
shoot/root ratio is parameter of high importance for the field performance of
container planting stock of silver birch and Norway spruce (Ryter et al. 2003).

Some researchers doubt the significance of shoot/root ratio for ensuring
the field performance of forest planting stock and advance the ability of
generating new roots after planting out as a more important feature (Bernier et
al. 1995, Salonius 2002). As another factor influencing the field performance of
seedlings grown in small containers is root-bound. Earlier this term was
attributed to the phenomenon of spiralled, badly developed root system caused
by old-fashioned containers with no possibilities of root growth control. Today
the root-bound means another problem — the disturbance of root growth for
large seedlings reared in small container cavities (South & Mitchel 2005). This
phenomenon occurs due to several reasons but one of them is the development
of over-aged, matured root system that is preventing development of new roots
after planting out - the advantages of planting stock with juvenile root system
are reported (Salonius et al. 2002). This problem has so far been investigated
for conifer planting stock but obviously similar research concerning the field
performance of birch container seedlings is needed as well.

The evaluation of outplanting experiment with Rootrainer Sherwood
seedlings (“Raupsas”-2) reveals only a minor impact of RCD on the first-year
height growth in the field (Table 3.4) contrary to a study in Finland where the
RCD of birch container seedlings has demonstrated the most significant impact
on the field performance (Aphalo & Rikala 2003). The disagreement of our
results with this finding is probably du to different containers used for
cultivating seedlings — containers used in Finnish experiments had greater cell
volumes and growing densities than Rootrainers Sherwood containers used in
the given study. Obviously, the strongest limiting factor for field performance
of seedlings reared in such small containers as Rootrainers Sherwood is
balanced ratio of morphological proportions as demonstrated in our study.

According to our research results the target features of birch container
stock for afforestation are defined. The most appropriate birch planting stock
for afforestation of former farmlands is birch container seedlings grown in
Lannen Plantek 35 F containers of the height 40-70 centimetres. The seedlings
not fitted in the defined target interval cannot compete on sites with heavy
weed competition in case they are too short or lack a balanced shoot/root ratio
if too tall.

The further research efforts for improving the quality of broadleaved
planting stock should be aimed at improving knowledge about the role of
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physiological quality of planting stock. The promising methods for diagnosing
the defects of planting stock are physiological tests like the root electrolyte
leakage method. The cold hardiness of seedlings root system usually is taking
place later than for shoots so the root damages by frost are more likely (Bigras
& Dumais 2005). In Latvian conditions the seedlings at winter storage are
placed outdoors. The impact of storing conditions on vitality of birch planting
stock has not as yet been investigated in this country.

3.3. Duration of the planting season using birch
container seedlings

The planting date (timing of the planting) and the site preparation
method (soil treatment) have a significant impact on tree height in the
outplanting experiment after two years of growth with the p values
correspondingly 0.000 and 0.015. The field performance of seedlings is
affected also by the two factors studied (p=0.000). As the Post Hoc analysis
revealed the greater growth in height produced by seedlings planted during 11
and 25 July — 65.7 and 57.5 cm, respectively (Table 3.5).

Both factors included in factor analysis have demonstrated highly
significant impact on the survival of trees in the field (p=0.000). The best
survival of trees is in the plantations performed in the autumn while the highest
mortality of seedlings is in the plantation established in August (Fig. 3.9). The
survival of seedlings after two-year field growth in the plantations established
in October and November is above 80%.

The comparison of seedlings survival following soil treatment methods
also revealed different behaviour. The survival of seedlings planted in an
herbicide-treated site is superior to that on furrow ploughed area. However, the
survival of seedlings is higher in the plantings done in furrows late in the
season. The highest mortality of seedlings is in the plantations established in
furrows in the middle of summer between July 25and 8 August, with the
survival of seedlings only 42.7 and 2%, respectively.

The variations of seedlings average height between experimental
variants is from 33.8 to 66.3 centimetres after two years of growth in the field
the highest being for plantations established in the first case — July 11 and 25.
The soil treatment in the experimental area was performed for the whole
experimental area shortly before the first planting. The superior height growth
of seedlings planted in the beginning of experiment could be explained by more
favourable conditions caused by soil treatment shortly before planting, which
for subsequent plantings is gradually diminishing with the weed competition
increasing in the experimental area. Vascular plants recover very quickly in the
soil treated in the middle of summer. Even after herbicide treatment the weeds
re-emerge quite fast. After the grasses wither away and decompose, the
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dormant seeds become active and the cover of vascular plants is back in place
very soon. Prompt recovery of weeds and the weed competition thus increased
slowdown the seedling growth in height regardless of the method of site
preparation.

The survival of trees in the experiment varies strongly depending on the
planting date and the soil treatment method applied. The mortality of seedlings
is to a great extent influenced by precipitation in planting the season. The
highest mortality of seedlings is observed in the plantations laid out in the end
of July and the beginning of August (Fig. 3.9). The data obtained from the
nearest whether station in Dobele in the planting season shows no precipitation
registered in August (Fig. 3.10). The high mortality of seedlings in this period
is caused by long-lasting drought.

Although the survival of seedlings planted in the drought period is lower
in both soil treatment variants, the seedlings planted in furrows have by far
suffered more. If the survival of seedlings planted on July 11 is 76 and 70% for
herbicide treated and furrowed areas, respectively, then in the plantations of
July 25 it is 76.6 and 42.7%, respectively. In the plantations established on
August 8 the survival of seedlings dropped to 59.3 % in herbicide treated site,
while the seedlings in furrows have died almost completely with the survival
after two seasons only 2 %.

The variations in birch seedlings survival in the experiment are
influenced by the effect of soil treatment on the soil properties. Unlike
furrowing, the herbicide, killing the weeds, has no effect on soil physical
properties and structure. Obviously, the furrows have promoted drying of soil
surface due to increased water transpiration, whereas herbicide treatment
proved to be more suitable method for trees planting in the conditions of
insufficient soil moisture.

The survival of seedlings in the plantations established in September 5
and 19 is slightly higher in the herbicide-treated site. Still, the differences
between variants of soil treatments are negligible, some 2 ... 3% only. In the
last planting occasion in autumn the survival of seedlings planted in furrows is
higher, 86.7 ... 90.7 % compared to herbicide treated site where 81.3 ... 8§7.3%
of seedlings survived. The longer-lasting effect of furrows on weed control in
the treated site could account for the better performance of seedlings planted at
the end of planting season. The weeds in the herbicide-treated site, usually
recovering during two - three months, are believed to be the reason for slightly
higher mortality for seedlings planted in late autumn in this area.

The birch container seedlings survived better in the autumn plantings in
both soil treatments alternatives. In the herbicide-treated site the survival of the
seedlings planted in the middle of summer is 76 ...76.7 %, while in the autumn
plantings (September — November) 77.3 ...87.3 %. If the drought period is
disregarded, the mortality of seedlings did not exceed 15%.

The container seedlings lifted in summer are still immature and prone to
mechanical injuries. The root system of “hot-lifted” birch container seedlings is
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often insufficiently developed and the root ball is fragile. The management of
such seedlings during transportation and planting should be very accurate to
avoid damaging. The transportation of seedlings to planting site in the
containers that are removed shortly before planting is often the only option that
guaranties success. Such pre-planting management of seedlings reduced the
efficiency of summer planting compared to traditional planting in spring and
late autumn.

The problems about the summer planting of hot-lifted insufficiently
mature forest seedlings are reported in also other studies. The researchers from
Latvian Forest Research Institute “Silava” do not recommend the planting of
hot-lifted Scots pine and Norway spruce container seedlings in the end of June
and beginning of July during the active growth of seedlings. The water
transpiration rate of seedlings in the phase of active growth is high and they are
very sensitive to post-planting drought. The young shoots of seedlings are very
fragile and sensitive to damage during transportation and planting (Broks et al.
2004).

Consequent research work to verify the possibility of summer planting
of spruce and birch container seedlings is done in Finland. The Finnish
researchers prove that it is possible to extend the planting window of birch
seedlings to July and early August by using actively growing container
seedlings. The risk of drought stress increased when seedlings were planted on
easy drying, coarse sandy soils (Luoraninen et al. 2003). The results of another
research indicate that no risk of excessive mortality and growth restrictions
occur when actively growing seedlings of Norway spruces are planted in
summer, provided that seedlings are well watered before planting and the
drought period is no longer than 3 weeks (Helenius ef al. 2002). The planting of
Norway spruce container seedlings till the beginning of June is advised.
However, the high probability of mechanical damages to seedlings during
summer planting is pointed out (Luoranen et al. 2005).

The researchers in United States advise not to plant coniferous seedlings
before the beginning of July since they have not reached the proper phenophase
for outplanting (Kiiskila 2005).

Our experiment proved the possibility of birch container seedlings’
planting outside the conventional planting window and the introduction of
summer and autumn planting of birch container stock can be done without
substantial risk of failure. The planting should be suspended in case of extended
drought period (3 ...4 weeks). The pre-planting herbicide treatment is
recommended as the most effective method for weed control in former
agricultural lands. To reduce the amount of herbicide required for treatment, the
application in rows considering the distance between planting rows can be
done. The planting of seedlings can be started when the treatment effect is
obvious — the withering and decomposing of weeds have started. The foliar-
acting herbicides are destroying both the above and below-ground parts of
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weeds, which facilitates the planting. The treatment should be done in early
summer because later the herbicide may be less effective on mature grasses.

The planting of actively growing birch container seedlings is not
recommended as it involves a risk of mechanical injuries during transporting
and planting. The use of “hot-lifted” seedlings can be started after the seedlings
have built compact and tight root balls and partly maturing of shoots has
occurred, which is not earlier than the end of July.

Further research is necessary to test the possibility of summer planting
of dormant seedlings kept in the refrigerators. The Finnish experience of
summer planting of dormant Norway spruce seedlings have is positive
(Luoranen et al. 2005). The winter storage of birch container seedlings in
refrigerators is so far not practiced in Latvia but the JSC “Latvijas valsts mezi”
has tested this storage method to spruce seedlings.

The present summer and autumn planting experiment is established on
loamy soil and the results of this research should be applied cautiously if the
planting is performed on easy drying soils with inconsistent groundwater level.
The Finnish researchers have observed the high water stress risk on coarse
sandy soils. Drained peat soils represent the sites of high risk of water stress for
summer planted seedlings in case of prolonged drought.

CONCLUSIONS AND PROPOSALS

1. By using the Rootrainers Sherwood containers the output of nursery
stock is by 17.9% higher compared to those of Lannen Plantek 25 F.
However, the field performance of Rootrainers Sherwood seedlings is
worse due to unbalanced shoot/root and height/diameter ratio.

2. Better field performance of Lannen Plantek 35 F seedlings could justify
a higher price for this planting stock compared to the Rootrainers
Sherwood, which would balance out the difference caused when larger size
Lannen Plantek 35 F containers are used.

3. The birch container seedlings reared in containers having smaller
growing densities and bigger cell cavities have shown better field
performance on former agricultural lands during three years of the
experiment. The survival of seedlings reared in Lannen Plantek 25
containers exceeded by 8.7 %, and Lannen Plantek 35 F containers - by 5
%, the same indicator for the Rootrainers Sherwood seedlings.

4. The most significant impact on field performance of birch container
seedlings is demonstrated by the shoot/root ratio and index of sturdiness
(D/H). The seedlings reared in small containers, which often have a
relatively small root system, are subjected to higher transplanting stress
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and show smaller growth in height in the field thus being less suitable for
the sites with heavy weed competition.

5. The birch seedlings of greater height and root collar diameter are more
suitable for establishing forest on former agricultural lands, showing
greater growth in height and demonstrating higher survival. Greater root
collar diameter is especially important for shorter seedlings.

6. The results of study approved the Lannen Plantek 35 F seedlings of
initial height 40 -70 centimetres to be the most suitable planting stock for
afforestation purposes. Shorter seedlings have worst competing ability in
the sites with heavy weed competition while taller seedlings often
demonstrate stunted growth caused by high transplanting stress. The
shorter seedlings (30 — 40 cm) can also be successfully used for
afforestation unless their root collar diameter is at least 4 ... 5 millimetres.

7. To optimize the use of labour force and equipment, the summer and
autumn planting of birch container seedlings can be done without
substantial risk of failure. The watering of seedlings is to be made before
planting and careful transportation of properly packed is a must. The
planting should be suspended in case of prolonged drought (3 ...4 weeks).

8. The planting of actively growing birch container seedlings is not
recommended due to high risk of damages to seedling shoots and root
systems during transportation and planting. Compact and tight root ball is a
compulsory demand for container seedlings to be planted out.

9. The summer planting of birch container seedlings in furrows may result
in the plants exposed to drought stress. The pre-planting herbicide
treatment is recommended as the most effective method for weed control
in former agricultural lands. To reduce the amount of herbicide required
for treatment, the application in rows, considering the distance between
planting rows, can be done. The planting of seedlings can be started when
the treatment effect is obvious — the withering and decomposing of weeds
have started. The treatment should be applied in beginning of summer for
belated application of herbicide can be less effective on mature grasses.
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