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SUCROSE SYNTHASE AND AQUAPORINE LIKE GENE
EXPRESSION AND ITS DYNAMICS DURING EARLY AND
LATE WOOD FORMATION IN SCOTS PINE (PINUS
SYLVETRIS L.) IN RELATION WITH WOOD
PROPERTIES DATA

Krista Kanberga-Silina, Aris Jansons, Dainis Rigis
Latvian State Forest Research Institute ,Silavaigés 111, Salaspils LV-2169, Latvia
krista.silina@silava.lv

Information about gene expression involved in wdoanation are mostly available for crop or
model plants, for forest tree species there alldattof knowledge to gain. For this study caratiel
genes were selected of which sucrose synthase(§emsy is involved in sucrose metabolism and
provides precursors for cellulose biosynthesis {iNat al., 2007; Coleman et al., 2009). Aquaporin
like gene Aqual which is involved in water transport across eeéémbranes and cell elongation
was selected too (Johansson et al., 2000). Thesesganong others were selected in attempt to
reveal whether link can be established betweenidatalgene expression and wood properties and
to estimate natural gene expression variationgestifrom open pollinated tree families growing in
natural conditions.

Samples for gene expression analysis were colldoded 50 29 years old trees with known wood
density (measured using Pilodyn) during early atd ivood formation. Gene expression analysis
was performed using Real time PCR relative standamye method. The wood physiological
properties data were obtained using Silviscan unséntation. Subset of these trees with
correlations between gene expression data and \womukrties were chosen for gene expression
dynamics study.

There were important differences in gene trans@iqptndance displaying natural variation (Figure
1). Significant positive correlation was found beam wood density and ger@iSyexpression
during early wood formation. FoAqual gene there was negative correlation between gene
expression and wood density during early wood fdiena No significant correlations were found
for these two candidate genes expression durieghabd formation and wood properti€isyand
Aqual expression during growth season varies signifigaithe knowledge gained will be used to
develop molecular tools directed toward improvingod properties of Scots pine.
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Figure 1 Gene Aqual expression variation during edy wood formation in different tree
families.
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PRODUCTIVITY AND QUALITY OF HYBRID ASPEN
AT THE AGE OF 18 YEARS

Martins Zeps', Juris Kalning, Janis Smilgg Aris Jansomns
!l atvian State Forest Research Institute “Silavaig&s 111, Salaspils, LV-2169, Latvia
’Forest Competence Centre, Dzerbenes 27, Riga, D€, 1Gitvia
martins.zeps@silava.lv

Wood production is one of the goals of forest managnt and the sole purpose for establishment
of short-rotation plantations. In Northern Europepulus hybrids, among them hybrid aspen
(Populus tremuloides x P.tremyjacan be used in those plantations. Establishrokstich areas
require notable investment, therefore informatiarttte potential revenue is crucial in the decision-
making process. Therefore aim of our study is 8ess productivity and quality of hybrid aspen at
the end of predicted rotation period.

Date were collected in trial consisting of 24 hgbrmspen and 5 common aspdpPoggulus
tremuloide$ plus tress clones. Initial spacing 2x2 m. Syst&rthinning was done at the age of 12
years, removing on average 781.9 ntha' (ranging between clones from 27 to 14$hat).
Survival (before the thinning) was 82+6.0% for hgbaspen and 68% for common aspen; after
thinning on average 44+4.1% of trees were remaining

Yield of hybrid aspen at the age of 18 years wds B#ha’ on average, ranging between clones
from 117 to 608 rtha’. Man annual increment of hybrid aspen was 11.3nft&i'year" at the age

of 8 years, almost three-fold that of common asdemha'year’). At the age of 12 years (before
thinning) the figures reached 16.4+2.4hai'year* and 7.3 rtha'year’, respectively, but at the age
of 18 years: 20.3+3.3 tha'year' and 10.0 rtha'year™.

Quality of trees can be characterised as mean tkarard assortment structure. Mean diameter of
trees reached 19.4 +0.47 cm, ranging between clisogs 14.2 cm to 22.9 cm. Major assortment
was packing timber 43+4.86 %, followed by saw 184%24.86 % and pulp-wood 18+4.33%; energy
wood was only 4+0.77%, but logging residues (srdameter tops) 13+£0.08 %.

Results prove the high importance of selectionha&f best-growing clones for establishment of
plantation and demonstrate the potential to obkagih proportion of timber, not only pulp- or
energy wood in plantation of hybrid aspen.

Study was carried out in Forest Competence CeBRRAF) project «Methods and technologies for
increasing forest capital value» (No. L-KC-11-0Q04)

Key words. Populus tremuloides x P.tremula, mean annualenwent, assortment structure.



PRELIMINARY RESULTS OF HYBRID ASPEN AND
POPLAR PRODUCTIVITY IN SHORT ROTATION
PLANTATIONS

Toms Sarkanabols, Dagnija Lazdina

Latvian State Forest Research Institute “Silava”, Rigas 111, Salaspils, LV-2169, Latvia
toms_sarkanabols@inbox.lv

In order to diminish usage of fosil fuel and toremse usage of local renewable energy
sources there is necessity for alternative eneogyces. Biomass is considered as one of the most
perspective in Latvia. Hybrid aspen and poplarare of the fastest tree growing species used for
biomass production in short rotation coppice celuin Latvia. The aim of this study is to
determine the most appropriate methods and thedfyfsad use installing hybrid aspen and poplar
plantations on agricultural land.

The experimental plot is located on drained mihsodl. During the work were measured
heights, diameters and biomass to aspen clonesawd.MNo.28 Populus tremula x tremuloidesn
three different design plantations 2m x 2m, 3m x &nd 2,5m x 5m, each divided into four
replicates with different fertilisers — digestagiidge, ash and one replicate with no fertiliser —
control. From poplar clones were measured AF@pllus canadengisAF6 (Populus generosa X
nigra), AF7 (Populus generosa x Canadensasd AF8 Populus generosa x trichicarpa&lones,
which planted in 1,5m x 0,7m and like aspens, digith four replicates with different fertilisers.

During the work was recognized that the best éffat the growth and only relevant
difference among control to the aspen hybrids gttiesdigestate fertiliser especially planted 2m x
2m. Aspen clone No.4 is significantly more produetthan No. 28. After third vegetation period
4th clone heights ranged from 2,26 to 2,90 m wR8éh clone heights ranged from 1,43 to 2,01 m.
The most productive 28th clone plantations doesraeath the height of unfertilized 4th clone
plantations Eigure 1).
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Figure 1 Average height of 4th and 28th aspen clones after third vegetation period.

Between planted ALASIA poplar clones the most picitve one is AF6 clone. After third
vegetation period average AF6 heights ranged frdid & 3,25 m, while others ranged from 1,52
to 2,67 m Figure 2.
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Figure 2 Average height of poplar clones after third vegetation period.

It is concluded that after first cycles in shartation plantation at the same condition hybrid
aspen clones are more productive than poplar. Bsemaere determinate by formula y =
0,0433%%? with R? value - 0,8714 as only argument using thedght, although it might be
determinate with even higher R? value - 0,9483 byn@ as argument tree diameter at 0O height.
Comparatively most productive aspen clone in plaoriavith 2500 trees per ha gives 1,59 t of dry
biomass, but most productive poplar clone 1,ZB3ab(e J.

Table 1 Biomass comparison after third vegetation period.

Clone Wet biomasst | Moisture % | Dry biomass t
Aspen No.4 3,49 54,6 1,59
Aspen No. 28 1,24 53,7 0,58
Poplar AF2 1,68 58,5 0,70
Poplar AF6 2,66 53,7 1,23
Poplar AF7 1,84 56,7 0,80
Poplar AF8 1,05 54,2 0,48

Keywords.: Hybrid aspen, poplar, SRC.

“OSRC+
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Co-funded by the Intelligent Energy Europe
Programme of the European Union

The SRCplus project duration is March 2014 to Ap@L7 (Contract number: IEE/13/574).

The SRCplus project (Short Rotation Woody CropsGpRantations for local supply chains apd
heat use.) is supported by the European Commissiotne Intelligent Energy for Europe
Programme. The sole responsibility for the contdrihis report lies with the authors. It does not
necessarily reflect the opinion of the EuropeanodniNeither the EASME nor the Europegn
Commission are responsible for any use that mam&de of the information contained therein.



POTTENTIAL LANDS FOR SHORT ROTATION COPPICE
PLANTATION ESTABLISHMENT IN VIDZEME REGION

Kristaps Makovskis, Dagnija Lazdina

Latvian State Forest Research Institute “Silava”, Rigas 111, Salaspils, LV-2169, Latvia
kristaps.makovskis@silava.lv

Vidzeme planning region is the biggest of the planning regions according to its territory. It
covers 15 257 km? or 24% of the territory of Latvia. There are 25 local municipalities and one city -
Valmiera. Vidzeme is rich in specially protected nature territories, which implies certain restrictions
for entrepreneurial activity.

According to current legislations in Latvia, Short Rotation Coppice (SRC) plantations are
agricultural crops or plantation forestry. No permission is needed to plant SRC as agricultural crops.
In 2013 for EU subsidies in Latvia were applied 450 ha of short rotation coppice (SRC) plantations,
from which around 230 ha were from Vidzeme region. Because of the rules, that should be met to
get subsidies, not all plantation owners applies and real the total plantation number is bigger.

The agriculture land quality in Latvia is expressed in quality units. Knowing the particular land
quality unit allows better predict and evaluate the land productivity, value and make easier
comparison. Conditions that are taken into account to measure the unit are particular soil type,
relief, location, melioration systems and other field conditions. One quality unit is equal to 70 kg of
rye or in money equal to 5.38 EUR. The average quality unit in Latvia is 38 units. According to
studies, farming on lands that are below this quality unit could be unproductive. These lands could
be used by growing herbaceous crops for bioenergy or SRC plantations, in cases when traditional
agricultural crop growing in these areas could be disadvantageous.

In Vidzeme region are 501 880 ha of agriculture lands from which 206 574 ha (52%) are lands
with quality assessment under 38 units (fig 1.)
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Fig.1 Agriculture lands in Vidzeme region with quality assessment under 38 units.
Large areas with agriculture land quality assessmeder 38 units are in Liezeres parish (7025
ha), Alsviku parish (5408 ha), Belavas parish (5B&yand Jaunpiebalgas parish (5497 ha).



Not all of these areas are available or suitabteSIRC plantations, in some cases, the areas that
are slightly below 38 units are still used in ttamhal crop management, because of the closeness to
existing crop fields. Some land owners thinks thats under 38 quality units, still can be used in
productive farming and the level, under which ttiadial farming is no more beneficial should be
set under 25 quality units. There are 87 889 hagoicultural lands under 25 quality units, which
represents 18% from all agricultural lands in regio

To establish SRC plantations in poor soils (espligcia lands with quality unit under 25),
fertilization is recommended. Fertilizer that isiaaccessible in the region, because of more then
200 enterprises that use wood as main resourcédar or electricity production is ash. Total
amount of ashes, that were produced in 2013 frasettenterprises were about 12 000 oven-dried
tons. With that amount of ashes, it's possiblesttilize more then 2000 ha of agriculture land.

In good soils or with fertilization, average SR@miation yields are about 7 — 10 oven-dried tons
of wood chips per year. In poor soils under 38 igpahits and specially under 25 quality units the
average yields are about 5 — 6 oven-dried tony@ar. Wood chips from SRC plantation could be
used in regional market. In 2013, region has 48rentes that used wood chips, with total amount
of 170 000 oven-dried tones per year. To meet thedwchip demand in the region, about 17 000 —
24 000 ha of agricultural lands with good soil citieds should be planted with SRC plantations. In
poor soil conditions about 28 300 — 34 000 ha ghbel planted.

To fulfill the wood chip demand in region, about 339 % from all lands under 25 quality units
and 14 — 16% from all lands under 38 quality usitsuld be planted. In good growing conditions
the percentage will be 19 — 27% under 25 units&rdl2% under 38 units. About 6 — 12% from
these plantations could be fertilized with ashesnfthis region.

Keywords: SRC plantations, SRC in Vidzeme, SRC.

The study is done by the scope of the Commissite ilmtelligent Energy for Europe Programme
project: "Short Rotation Woody Crops (SRC) for lbsapply chains and heat use” The sole
responsibility for the content of this report lgh the authors. It does not necessarily refléet t
opinion of the European Union. Neither the EASMEh®European Commission are responsible
for any use that may be made of the informationiainad therein. Contract number: IEE/13/574.
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BIOMASS STUDIES FOR FOUR MOST COMMON TREE
SPECIES IN LATVIA

Janis Lieping&', Kaspars Liepi&', Andis Lazdi&
!l atvian State Forest Research Institute “Silavaig&s 111, Salaspils, LV-2169, Latvia
’Forest Competence Centre, Dzerbenes 27, Riga, D€, 1Gitvia
janis.liepins@silava.lv

Estimation of biomass of an individual tree ancegtrstand became the highest priority issue during
the last decades since 1997, when developed cesirddopted the Kyoto Protocol of the United
Nations Framework Convention on Climate Change (ONE). At the present time reliable
estimates of biomass of a tree and its componert\@eded for practical forestry as well for
research purposes. A single tree and a stand bsoesdisnates are preconditions for assessment of
energy wood potentials and carbon pools in forastll Forest carbon sink is considered in the
Kyoto Protocol as one of the mechanisms for clindi@nge mitigation and it plays an important
role in national and global greenhouse gas balamsgecially in countries with considerable forest
resources. Countries which ratified the Kyoto Pecotp are obligated to report emissions of
greenhouse gases (GHG) and removals of, @O accordance with international reporting
guidelines. Living biomass in forest land is theimmsource of carbon sink in Latvia. In accordance
with guidelines for the GHG inventories, Latvia altb develop a scientifically verified
methodology for assessment of the carbon stock ocaebon pools in forest lands, including living
biomass. Earlier studies on forest biomass andoastock in Latvia are fragmented and elaborated
methods are not always compatible, therefore niersessary to compile new biomass equations for
above and below-ground tree components.

Empirical material for above and below-ground toeenponents of Norway sprucPi¢ea abies
[L.] Karst), Scots pineRinus sylvestris ), silver birch Betula pendula Rothgnd aspenRopulus
tremula L) were collected from 126 stands. These standaN@way spruce, 34 Scots pine, 35
silver birch and 28 aspen stands) were located lypnaim mineral and drained soils representing a
large part of forest stand types in Latvia. In ortdedevelop the above-ground biomass equations
372 trees were cut down and split into compartmérite total number of sample trees for below-
ground biomass equations was 144. In each of thected forest stand three sample trees
representing the range of dimensions of the dontistnd (craft class I, Il or IlI), were felled
down. The selected stands were located in thre@enegf Latvia, representing different climatic
regions and populations of trees. The tree bionaass estimated by individual tree components:
stem wood, living and dead branches, stump, caasis (3 >20 mm) and small roots (9< 20
mm). The biomass of living branch includes needled cones but not leaves, except coniferous
trees. Number of measured biomass components égpecies is not equally for all species (Table
1). Above-ground biomass measurements were doma f&otumn to spring, in period when
deciduous trees don't have leaves and young shootaature.

Table 1. Biomass equations and number of measuredonass components by tree species.

Tree species | SteamlLiving Dead Stump Coarse Small| Above-ground Below-ground
wood  branch  branch roots | roots biomass biomass

Scots pine 102 102 102 40 40 40 y=0.744%  y=0.0533x*"

Norway spruce 81 81 75 29 29 29 y=0.4526X  y=0.0499x %

silver birch 105 @ 105 89 42 42 42 y=0.134%%"  y=0.0526%x"""

aspen 84 84 78 33 33 33 y=0.1356%  y=0.0538%*"*

Biomass of stumps and roots was measured in sun@tugnp biomass includes both above-ground
and below-ground portions, and stump height is idened 1% of a tree height. Root system of
each sample tree has been dug so that roots vathetér more than 2 mm are not lost. After



excavation and transportation to laboratory the stump and root system was weighed with accuracy
of 0.02 kg. Before weighing soil particles were separated with a high-pressure water pump.

In this study biomass equations for the fresh (naturally wet) above- and below-ground tree
components of Norway spruce, Scots pine, silver birch and common aspen are developed (Table 1).
Accuracy (R?) of all biomass equations ranges from 0.9697 to 0.9958. Allocation of tree biomass
varies by tree species and the differences depends also from the tree age, which is demonstrated in
Figure 1.
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Figure 2. The biomass allocation of tree component at stage of first age class and final cutting.

(First age class aspen and birch is 1-10 years; spruce and pine 1-20 years. Final cutting: aspen-41, birch-71,
spruce-81, pine-101 years.)

At a given tree ages, except young spruce trees, the stem is the biggest biomass component,
especially at the age of final cutting. The highest proportion of stem wood biomass is detected for
birch, and the lowest — for spruce. The proportion of stem wood in young stands varies between 38
and 65%, but in mature stands varied between 62 and 77%. The highest proportion of crown
biomass in compare to the total biomass (15-46%) is characteristic for spruce, in all ages. The
proportion of crown for all tree species shows a decreasing tendency from first age class to final cut
age. The proportion of below-ground biomass from the whole tree biomass is in average 19%. The
biomass of stump and roots is significant proportion of the total tree biomass; it is larger in mature
stands —21%, and smaller in young stands — 18%.

The results are based on fresh cut tree measurements and after data processing will be updated to
dry biomass and carbon content in the further studies. The study is done within the scope of the
National forest competence centre project “Methods and technologies to increase forest value” (L-
KC-11-0004).

Keywords: biomass equations, biomass allocation, above and below-ground biomass.



DECOMPOSITION OF BELOW-GROUND BIOMASS IN
CONIFEROUS FOREST STANDS IN LATVIA
Sigita Marniece’, Andis Lazdi&, Janis Liepis
!l atvian State Forest Research Institute “Silavaig&s 111, Salaspils, LV-2169, Latvia
’Forest Competence Centre, Dzerbenes 27, Riga, D€, 1Gitvia
sigita_murniece@inbox.lv

The amount of carbon dioxide (GQis constantly increasing in the atmosphere dueatural
processes like volcanic eruption as well as dusutoan activities. The increasing concentration of
CO, and other substances like methane {Cdhd nitric oxide (MO) evokes greenhouse effect —
heating up of the atmosphere, therefore these gjasssides other less common gasses, are called
greenhouse gases (GHG). Forest is a long-term ©asib&, which decreases the amount o, @O

the atmosphere through the photosynthesis progesarhobilization of carbon in living biomass,
then litter, dead wood, harvested wood productssadi carbon pools. Forests are also contribution
to reduction of the GHG emissions by replacemefiecef using biomass instead of fossil fuels and
energyintense construction materials.; CO» iS not immobilized fogver in the forest carbon pools;
decomposition of biomass during certain periodurret CQ into atmosphere. Implementation of
the climate change mitigation targeted forest mamsmt measures requires knowledge about the
decomposition rate to adopt forest management pigntior instance, to decide, where stump
extraction for bioenergy production will lead t@thitigation effect and where the impact might be
opposite. The presented study focuses on evaluafiaecomposition ate of the below-ground
biomass of coniferous trees common in Latvian (Nonspruce and Scots pine) in forest stands of
various age growing on dry mineral soils. In t@8@lsample trees (stumps and roots of 16 pines and
14 spruces from the previous generation of treeselted in clear-felling) were excavated and
analysed. Age of stumps varied from 13 to 43 years.

Before excavation hight and diameter of stumps mvaasured. All parts of stump and roots having
diameter of more than 2 cm were collected, butdhpests having diameter less than 2 cm were left,
considering this biomass as a part of soil carlmi.p

Density, dry mass, moisture content of wood anthaarcontent were determined in the collected
samples in laboratory — 3 samples of stump, 3 sssnpl coarse roots (diameter more than 5 cm)
and 3 samples of small roots (diameter 4,9-2 crajb@n stock in below-ground dead biomass was
calculated using density and carbon concentrat@lnes and compared with relevant values of
living trees extracted and analysed using the saetbodology.

It was found in the study, that the density incesas pine roots, but remains constant in sprude an
in pine stumps disregarding the age.Comparisoradian stock in fresh and partly decomposed
stumps of the previous generation of trees dematesty that for the pine decomposition rate can be
described by the logarithmic regression equatiogufié 1). Based on this regression equation it is
possible to make a conclusion, that 50 % of theweround pine biomass, including fine roots
accounted as decomposed material by default isngdeosed within 10 years. Decomposition of the
below-ground biomass of spruce can also be destribpe logarithmic regression equation,
however, the uncertainty is considerably highelowong to the regression curve of decomposition
of spruce below-ground biomass, 50 % of the bionmslecomposed within 10 years. The values
are similar for pine and spruce. The study resdd#iionstrates that decomposition is fast at the
beginning, but then it becomes considerably slamerit is heavily affected by the soil conditions.

The decomposition period of below-ground biomasspioe and spruce according to the study
results is 60-70 years.
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Figure 3 Regressing curves characterizing decompdisin of pine and spruce stumps.

The results are similar with the findings obtairiedFinland, where researchers concluded, that
decomposition time of conifers is 60-80 years. (Mék et al. 2006) Similarly in Swedish studies it
is found that 50 % of conifers below-ground biomiastecomposed in 15 years. (Melin et al. 2009)
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Drainage can be considered as one of the mosiegffiforest management operations aimed to
increase productivity and value of forest stand&rage growing stock in Latvian forests has been
doubled since beginning of 20th century. Rapid ease in forest productivity coincides with
distribution of drainage in 1930's till they stopp@ the beginning of 1990's gftis, Indriksons,
2009). Now 33 % of all forests are drained (FSI®0IFunctionality of drainage ditches is
decreasing periodically and there is need for mgdlitch cleaning (ditis et al., 2010). To
understand impact of regular ditch cleaning on dopgroductivity and CO2 removals, we set the
aim to evaluate the impact of reconstruction of dnainage ditch networks on accumulation of
above-ground biomass of trees and sequestraticarbbn in living woody biomass.

Thirty six sample plots were established in thetemsand central part of Latvia to collect data for
the study. Sample plots were established in 60ye8@s old Scots pine (P) stands and in 40...60 old
Norway spruce (E) stands, where thinning were edrout between 2006 and 2008. The stands
were located on naturally wet mineral soils (P0), 8 drained mineral soil, where ditch cleaning
were carried out between 2006 and 2007 (P2, S2parttained mineral soil, where ditch cleaning
is not carried out last 20 years, but is plannetthiwithe next decade (P1, S1). In each sample plot
10 radial increment core samples were taken folysiseof the annual radial increment.

Significant impact on the increase of biomass @€kt o = 0.05) wasn’t detected after ditch
cleaning in 2006...2007. The study shows that ticeease of biomass of sample trees in drained
sample plots (E2 = 12.02 kg*a-1, E1 = 11.31 kg*&P2,= 10.76 kg*a-1) was significantly higher
(F > Fcrit,a =0.05) in compare to the plots on naturally wetinemal soil

(S0 =9.34 kg*a-1, PO = 8.44 kg*a-1). Five yeatermthinning in 2006...2008 drained spruce stands
(S1,S2 = 14.4 t*ha-1) sequestered significantly enfar= 0.05) carbon than spruce stands on wet
mineral soil (SO = 11.7 t*ha-1), and removals ofZ3@ living woody biomass can exceed potential
greenhouse gas (GHG) emission due to the draitag@e stands there is no significaat< 0.05)
difference between the plots on drained and ndyuwat mineral soil. It can be explained by too
intensive thinning and smaller stand density inepétands on drained mineral soil. Although the
results show significantly better biomass growtjufes on drained soils, it is not caused by higher
stand productivity but by the higher average diameif trees in the drained stands. This
assumption is approved by results demonstratingtteas with similar diameter produces similar
accumulation of biomass in drained and non-draisiohds. The reason for difference of the
diameter in drained and non-drained stands of dhgesage can be found in early stages of stands
development, when drainage triggered higher pradtictin drained stands due to better growth
conditions. Increasing stock of biomass triggexgdase of evapotranspiration potential in forest
stands (Sarkkola et al., 2013), which leads to el of water table and improvement of growth
conditions in drained and non-drained stands (Athbikka, 2006). To achieve the best growth rates
and to boost sequestration of carbon in all fotagbon pools it is necessary to provide satisfgctor
drainage conditions in young stands. We suggesdotaeconstruction and maintenance of the
drainage ditch after final felling to secure thetonditions for the forest regeneration.

The study is done within the scope of the Natidoedst competence center project “Methods and
technologies to increase forest value” (L-KC-11-4900



Keywords: drainage, ditch maintenance, tree biomass groadinhon.
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Climate in Latvia has become warmer in the lastades and such changes are predicted to
continue, therefore it is important for forestrgte to understand how these climate changes might
affect different tree traits. In order to asseswnale suitability effect on Norway sprudei¢ea abies

(L.) Karst.) provenances in Latvia, height and stalvdata from a Norway spruce provenance trial
located in Saldus, Latvia, were analysed togethtr several climatic indices. First site of theatri
was established in 1974, second in 1976; both usmgyear old seedlings. Provenances originated
from Latvia, Denmark, Germany, Russia, Lithuaniajwhy, Romania, Slovakia, Finland, Sweden
and Ukraine. Thirty year average climate data \&alfrem 1961 — 1990 for the 73 origins of
provenances were acquired from the WorldClim ptojec

Correlation analysis confirms that there is a retabetween provenance average values for height
and survival and climate index values for the msgof the provenances, indicating that suitability
of climate is an important factor affecting the ules of provenance trials. Positive correlation
between continentality index and survival rate (.24, p <0.05) might indicate resistance of
provenances against spring or autumn frosts, negatrrelation between temperature and height
(r=-0.37, p<0.01) suggest that higher mean anhtemperature in trial location than in the
provenance origin has a positive effect on heigitrdment. Negative correlation (r = -0.24,
p < 0.05) between moisture deficit and height shawseak tendency that provenances from origins
with higher draught risk grow slower. Even thoudje trelations are not strong, it is clear that
information about climatic conditions in the proaece origins can help acquire a better
understanding of causal relationships determinliregrésults of provenance trials and thus ensuring
a possibility to choose most suitable seed mattahe predicted climatic conditions.

Study was carried out in Forest Competence CeBRAF) project «Methods and technologies for
increasing forest capital value» (No. L-KC-11-0Q04)

Key words. spatial analysis, seed transfer, climate changegght growth.
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Climatic changes are predicted to alter distributed summer precipitation in Northern Europe.
Higher frequency of longer periods without raincmmbination with increased air temperature will
increase the drought-stress for the trees, espeahtlsapling stage. Age (size) of the tree and
parameters of its root system might be crucial etednining the actual impact of drought on its
growth (increment) and survival. Therefore the afmour study was to compare the effect of
regular drought period on growth productivity ofnomonly used planting material in forest
regeneration in Central Latvia. For this purposglitg with moving roof were constructed to cut
off natural precipitation and irrigation of sampgots with withheld amount of water was done
every 6 days. Open air plots were used as coriEsglerimental planting plots were established in
sealed pits filled with substrates of poor sandy (€@aldinoso-callunosdorest type), organic peat
soil (Myrtillosa turf.mel.forest type) and fertile mineral solHylocomiosaforest type). In each pit
soil water potential was measured. Saplings of Mgnspruce (bare rooted, containerized and
saplings with improved root system), Scots pinggbaoted and containerized), silver birch (bare
rooted) and hybrid aspen (containerized) obtaimethfcommercial nursery of JSC Latvia’s state
forests. Height growth and biomass (below- and algyeund) of saplings were measured.

Altered distribution of precipitation did not hasgaatistically significant effect on height incremben
and biomass, however, saplings from treatment platshigher total area of fine roots compared to
those from control plots (differences were espsciatonounced for all types of Norway spruce
saplings). Results indicate, that altered distrdsutof precipitation (weekly periods of drought)
alone were not affecting growth and survival oflsays of species and planting material studied.

Height increment and biomass was significantlycéfid by between species, plant material and soill
type. Containerized saplings showed better heigértement. Better growth of all morphometric
parameters was shown by plants in organic peafeatid mineral soil.

Further studies should address longer periods witipoecipitation in combination of effect of
increased temperature should be tested in a ctadrehvironment.

Study was carried out in Latvian Council of Scienqwoject “Adaptive capacity of forest trees and
possibilities to improve it” (No 454/2012).

Key words. drought stress, height growth, biomass distribution



NEEDLE CAST DAMAGES IN OPEN-POLLINATED AND
CONTROL-CROSSED TRIALS OF SCOTS PINE (PINUS
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The impact of climatic and genetic factors on neealst damage, as well as relationship between
degree of damage and survival and growth of tresskdeen evaluated. Two series of experiments
were analysed: 1) open-pollinated Scots pine prpdedal that consists of 226 families from 13
provenances of Latvia, established in two locaifieukums and Kalsnava). In these trials needlecast
damage (in 5 grade scale) in the second growingoseand survival of trees was assessed;
2) control-crossed progeny trial that consists dfcfosses from 10 parent trees, established in two
localities (Zvirgzde and Kalsnava). In these triaéedlecast damage (in 5 grade scale) in the sixth
growing season was assessed and tree height, hetgiment and diameter of root collar measured.
Results reveal that degree of needlecast damagdlisnced by the genetic as well as climatic
factors and interaction between them. The averageeeé of needle cast damage in open- pollinated
progeny trial was 4.7+£0.01 in Tukums and 4.6+09Xalsnava; in control-crossed progeny trial it
was 4.6+0.02 and 3.4+0.04 in Zvirgzde and Kalsnaggpectively. In both series of experiments
statistically significantly (p<0.001) lower degrekneedle cast damage is observed in experiments in
eastern Latvia — Kalsnava, where the average dailemperature in August was lower than in other
sites. The impact of genetics (family, group oftcolked crosses, provenance) on needle cast damage
degree was statistically significant (p<0.05), éimd effect remained also, when any of growth srait
(diameter, height or height increment) is usedmsGate in analysis.

Correlation between the family mean needlecast dar(grade) in different locations was significant
(r=0.40-0.72, p<0.001). The correlation betweendbgree of needlecast damage and growth traits
was negative and statistically significant bottpaivenance and family mean level: r=-0.69 and r=-
0.42; p<0.01, respectively.

Increasing needle cast damages due to predictedofigemperature can be foreseen in future
therefore selection of less affected families amdv@nances for forest regeneration material is
suggested.

Study was carried out in Forest Competence CeBRAF) project «Methods and technologies for
increasing forest capital value» (No. L-KC-11-0Q04)

Key words:. resistance, forest tree breeding, adaptation, ggm®i environment interaction.



HEIGHT-GROWTH DYNAMICS OF SCOTS PINE (PINUS
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Forest fires are part of natural disturbances mihereal forest zone, however, nowadays majority
of them are caused by human activities. It is oéélé in spatial distribution of forest fires: maijpr

of them occur in a vicinity of urban areas. Accaglio the State Forest Service in year 2013 total
number of fires was 422, affecting 217 ha of faebt order to understand ecological role and the
impacts of large-scale forest fires on forest estesys and the significance of these impacts over
time we compare long-term growth dynamics of Sqote Pinus sylvestrid..) in burned and
clearcuted areas.

The study sites are located in the northern andraleparts of Latvia (56°45"- 57°40°N; 22°32"-
24°98°E). The data were collected in four Scote mlominated forest stands burned in 1992, 2004
and 2006 in forest typegacciniosa(Mr), Vacciniosa me{Am) andMyrtillosa mel(As). Clearcuts

of similar age and forest type, located as closep@ssible to burned areas, were used as a
comparison. In each study site 108 and 25 i circular plots were placed systematically and
height of Scots pine, Silver birch, Norway spruod darembling aspen as well as height increment
of Scots pine were measured.

The mean height of Scots pine at the age of 8 yweass168+4,37 cm (Mr) and 230+7,22 cm (AS),
at the age of 10 years 185+5,87 cm (Am) and aageeof 22 years 332+19,5 cm (Mr). The average
density of Scots pine at 8 years was from 2828L#B3rees per hectare, at 10 years 2820 trees per
hectare and at age 17 years 1872 trees per hetteaverage height of Scots pine at the age of 8
was significantly higherof = 0,001) in control areas than in burned areaggat of 10 and 17
average height of Scots pine was still higher intam areas but difference was not statistically
significant. Tree height was notably more variablall burned areas in comparison to the control
sites which could be a result of different fireeinsity affecting the microenvironmental conditions.
Distance from the forest edge didn’t have a sigaiit effect on mean height of Scots pine.

Acknowledgements

The study was supported by Forest Competence CEBRAF) project “Ecological risk in
management of forest capital value — methods ofszssent and recomendations of their
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Long-term changes of forest caver are notably sdteby anthropogenic and natural disturbances.
Major natural disturbance, impacting large foresta in Northern Europe, are storms. Its impact is
predicted to rise in future in our region due toneltic changes, causing increase in frequency of
storms and maximum wind-speeds. Storms cause fragiien of forest landscapes and stands,
affecting their structure and composition. Aim bétstudy was to characterize long-term effect of
such disturbance in un-managed forest landscape.

Study was conducted in north-eastern Latvia (57RB&2°17'E): in a part of Slitere National Park

that was un-managed since year 1923 and affectéatdpy storm in November of 1969. Supervised
classification of Corona and Landsat 5 images efdtea (in total 1646 ha) from years before and
after the storm (1966-2010) were carried out anchrpaters characterizing the fragmentation
calculated for 3 land-cover classes: forest, anetislow woody biomass and non-forest areas.

Influence of windthrow on forest landscape was mmrable: areas characterized as “forests”
(dominant age exceeds that of young stands) wdrtecegl by 53.3% in year 1972 (3 years after the
storm) in comparison to 1966. Statistically sigraft influence of storm in land-cover classes were
found to mean patch size, mean shape index and weighted Euclidean distance.

Major part of the analysed un-managed landscapectasied to land-cover class “forest” already
19 years after the storm. Further studies will udel finer division of land-cover classes and
resolution (size of area unit) to rafine the fingknof this initial study and compare them with the
trends in managed landscapes.

Research was carried out in Forest Competence e€@RAF) project «Methods and technologies
for increasing forest capital value» (No. L-KC-106d). We acknowledge Nature Conservation
Agency for permission to conduct the study.

Key words. analysis of satellite images, windthrow, naturatdrbance.
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INTRODUCTION

Mounding is well known in Latvia but in last twenygars very rarely used soil preparation method$Bu
1932, Katkewts 1986, Mangalis 2004). Since disk trenchers stadeperate in the country, application of
mounding rapidly decreased. Fertile and wet fos#ss with peat layer of more than 40 cm, such as
Myrtillosa was left for natural regeneration more often d®itbecause it was impossible to prepare soil
with disc trenchers due to low soil bearing cagaditowadays foresters can use improved plantinggrizdt
promising to reach by 20 % higher increment, bedtem quality, resistance to diseases and betégtatibn

to climate change, and so called “artificial regatien” of stand coming actual again (Jansons 2008)
Excavators are able to move on soft and wet smlsrators of these machines can choose discrete a
prepare soil for a single tree when prepare moumidgrted humus layer, patch or just scarify thé so
(Sutton 1993, Orlander et al. 1998, Saksa 2005).

MATERIALS AND METHODS

Mounding trials were done in Eastern part of Latwa drained forest sitesvigrtillosa mel.,
Myrtillosa turf. mel.),in spring and autumn in the second year after @aarSoil preparation were
done by three different buckets: conventional eatavbucket (110 cm wide), special mounding
bucket Karl Oscar (50 cm wide) and specialized btuskPV-600 (60 cm wide, produced by LSFRI
Silava and engineering company Orvi). All three ides were mounted on New Holland E165
excavator. Time studies weremdaduring soil preparation; site characteristic parameters and work

99, <

elements used for comparison of productivity were: “weather conditions”; “amount of slash on
field”; “moving in stand and out”; “moving looking for suitable place to make mound”; “removing
of slash or overgrowth before making of mound”, “making of mound”; “compression of
mound”, ”other movements with crane”; “non work related operations”. Number and dimensions of
mounds, coverage of ground vegetation on mound se®dlling surviving were evaluated in

sampling plots in each stand in the next auturmer aftmpletion of time studies.
RESULTS

Time studies and productivity

During spring the most important factor affectingghuctivity of mounding was skills of operator, bese
productivity of work increase constantly during thee studies and did not correlate with equipmesgd or
work conditions. But in autumn there were some, rout-significant, differences between productivafy
mounding and bucket used (Figure 1).



o H Blade (1100) ¢ MPV (600) ¥ Karl-Oscar (500)

3

g 80 H

g 60 l.

[}

8 L 2R

: ® *OEEEL,r veoese

E 20 L 2R Vv
S 0

(5]

z £2333838888888888 3333933817
Z 5NERE88588325285383994983¢Q
_g @©

s Date

Figure 1 Growth of productivity of mounding during the trials.

Comparison of the work operations shows that ptignobetween them are approximately the same during
the time and the most time consuming operationsiaee movement and removal of slash & overgrowth
(Figure 2). This result points to importance ofvieg clean felling site with piled or extracted wasting
residues before soil preparation.
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Figure 2 Distribution of effective time between wok elements during mounding.
Average time spent to prepare one mound for tragpeutator at autumn was 22.9 centiminutes.
Ecological issues — level of scarification and gtiowonditions

According to FSC certification rules it is allowéa scarify no more than 30 % of the stand areaefof
cabinet of ministries No 308 determinate that isecaf “artificial regeneration” it is necessarypiant at
least 50% of trees and final number of trees shbeldt least 2000 for spruce or 3000 for pine. feick
shows estimated percentage of scarified area damericbom required number of planting spots using
different mounding devices. For spruce stands patjpa of 2000 planting spots wound not exceeds the
FSC thresholds for all devices, except the excavatcket (width 1100mm) but in pine stands only the
narrow Karl-Oscar bucket is suitable —to prepar@03@ounds per ha. Wider blade could be used omly fo
reduced number of trees, when it is planned totmaly so called “future trees” considering certamount

of natural ingrowths in the regenerated stand.
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Figure 3 Estimated proportion of scarified area depnding from proposed number of planting spots
per ha using different buckets.

In Nordic conditions mounds are free from groundatation during two years, but in Latvia the sitats
different, because of more fertile soils and clima&ionditions, responsible for different balancewmen
grasses, cereals and caulescent plants. In fatedyge Myrtillosa turf. mel.,vegetation covered only 16-
22% of the mounds’ area after the first growingsseabut in site typ#yrtillosa mel.39-41% of mounds’
area were covered by caulescent vegetation. Pageerdf area covered by vegetation was smaller on
mounds prepared by wider buckets. In cases, whamgdrvegetation contain€dincus spit was necessary

to make weed control already in of first growingsen orMyrtillosa mel.stands.

CONCLUSIONS

Mounding is suitable and ecologically sustainaloié geparation method in artificial forest regeatéwn for
planting up to 2000 trees for ha. Considering sodrification thresholds and productivity of theeogtion
optimal number of mounds is close 1600 trees peMhder buckets are recommended in fertile siteesyp
with more aggressive vegetation, where it is enadagplant target trees considering certain percsntat
natural ingrowths. IrMyrtillosa mel. site type it is necessary to do weed control aleduting the first
growing season.

Acknowledgements to European Social Fund for sujgpthe project “Ecological and technical aspeofs
cultivating vital spruce stands” Project No. 201642/1DP/1.1.1.2.0/13/APIA/VIAA/052
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The National forest inventory (NFI) provides the shcomprehensive information about the dead
wood in Latvian forests, which can be used in thgomal greenhouse gas (GHG) inventory to
account carbon stock change in this carbon poaigustock change method or the increment
method, if reliable data on decay of dead woodamalable. The NFI separate dead wood into
3 quality classes (decay index): fresh residuestlypalecomposed and heavily decomposed
residues. The®iclass can be used in firewood productio?f, @ass is transitional stage of dead
wood and can be partially used as firewood df\dl&ss is too decayed to be used as firewood.
The scope of the presented study is to elaborateraof wood density and carbon content for the
allometric biomass equations characterizing carftook in above-ground dead wood. Additional
study was done to compare transition of dead wowmch fonedecay fraction to another; however,
preliminary results demonstrated, that 5 yearsopdpetween site visits to the NFI plots is too shor
to obtain reliable data on transition between teaddwood quality classes. This exercise should be
repeated every f0year to reduce uncertainty of the evaluation angrovide reliable results on
carbon stock in dead wood using stock change method
The NFI sample plots for the study was selectedttsa only complete plots (5003nare
represented and up to 3 pieces of dead wood arsumsehin the plot so that they can be easily
identified during the site visit. In total 400 @otwere selected and 200 of them are visited uatil. n
Samples for characterization of carbon contentdersity of dead wood were collected outside the
sample plots by cutting complete 3 cm thick disstein near (50 cm) the thickest end of the dead
wood piece. Only debris laying directly on the grduvere sampled. Decay category, species and
diameter of sampled dead trees had to be the sanmside the sample plot. Species, approximate
diameter at breast height {), thickness and diameter of the discs were medsure¢he field.
Sawdust, bark and other pieces separated fromatheles during cutting were collected in plastic
bags and later mixed with the samples. Missing pastems were considered as already decayed.
Sampling was arranged so to cover whole rangerénsions of dead wood in all quality classes,
starting from @ 36.1 cm.
In laboratory samples were photographed, weighedirayed in room temperature, then drayed in
oven at 105C temperature to absolutely dry condition, weiglaggin, crushed, sieved through
1 mm sieve and delivered to chemical analyses. dbadontent was determined using LECO
CR-12 elemental analyser. Other parameters estimatéhe laboratory are moisture content and
bulk density (considering that the sample disdahiyt has shape of circle with specific thickness).
Average stock of dead wood in different decompositilasses (Table 1) estimated in tffedund
of the NFI was used to calculate carbon stock addeood in Latvia.
Table 2 Dead wood stock in different decompositionlasses in NFI plots with living trees, mha™

Land use Fresh residues (1) | Partly decomposed (2Heavily decomposed All
3) residues
Settlements 0.15 0.44 1.00 1.60
Forest land 5.89 7.15 3.74 16.78
Wetland 0.41 0.66 0.12 1.19
Grassland 0.01 0.02 - 0.03
All categories 3.19 3.90 2.05 9.14

No significant difference found in carbon concetird but more decomposed materials has



considerably smaller density resulting in reductdicarbon stock per cubic meter. Values provided
in Table 2 were applied to calculated carbon stockead wood in Latvia. When data were not
available, the value of the next quality class wsed in calculation. According to the results (€abl
3) total carbon stock in dead wood in tiérdund of the NFI in Latvia was nearly 9 mill. tons
mostly (99 %) located in forest land. If compargddominant tree species, the most of carbon in
dead wood is located in birch, pine and sprucestseren spite the highest concentration is in aspen
and black alder stands (Table 4).

Table 3 Density and carbon stock in dead wood of fierent decomposition classes

Species Density of biomass, kgL Carbon stock, kg m®

1 2 3 1 2 3
Aspen 0.31+£0.18 0.26 £0.11 0.19£0.07 159 +£95 129 + 56 98 + 31
Grey alder 0.41+£0.12 0.32 £ 0.05 0.19 £0.09 2564 171+ 29 98 + 35
Birch - 0.25+0.18 0.19 £0.06 - 144 + 108 99 + 28
Spruce 0.27 £0.28 0.31£0.19 0.27 £0.04 143% 15| 156 = 90 151+ 16
Black alder - 0.3+0.12 0.21+0.24 - 151 + 63 H1P5
Scots pine 0.37£0.01 0.19 £0.08 0.4 £0.15 195+ 104 + 43 223 £ 74

Table 4 Carbon stock in dead wood of different decoposition classes and land use categories

Land use Total carbon stock, 1000 tons Average caoh stock, tons hd
1 2 3 total 1 2 3 total
Settlements 3.0 7.3 248 351 0.01 0.03 0.10 0.14
Forest land 35954 33773 1762.08734.7 1.04 0.98 0.51 2.53
Wetland 29.6 12.0 3.3 45.0 0.06 0.02 0.01 0.09
Grassland - 3.6 - 3.6 - - - -
All categories | 3628.1 3400.3 1790.1 88185 0.56 0.53 0.28 1.37

Table 5 Carbon stock in dead wood of different desoposition classes and dominant species in forests

Dominant Total carbon stock, 1000 tons Average carbon stoctgns hat
species 1 2 3 total 1 2 3 total

Aspen 318.4 399.2 1246 842.1 1.31 1.64 0.51 3.46
Grey alder 328.2 472.0 98.7 898.9 0.95 1.37 0.29 2.61
Birch 1007.1 9919 358.7 2357.6 1.04 1.03 0.37 2.44
Spruce 551.4 652.2 466.9 16705 0.95 1.12 0.80 2.87
Black alder = 147.6 223.2 101.8 472.6 0.93 1.41 0.64 2.98
Other species 136.1 97.7 32.2 266.0 1.22 0.88 0.29 2.38
Scots pine 1106.6 541.2 579.2 22270 1.21 0.59 0.63 2.43

The study approves that the most important paranoéieracterizing decomposition and carbon
stock is density of dead wood, which ca determined using indirect measurement methods;
hence, the uncertainty is high and alternative odithare necessary to approve the results. The
elaborated stock change method should be applidteimational GHG inventory besides the gain
and loss method considering certain period of dgamition of dead wood.

The study is done within the scope of the projéd.(L-KC-11-0004) of the National Forest
Competence Centre.

Keywords: dead wood, carbon stock, biomass properties.
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IN FOREST, CROPLAND AND GRASSLAND

Andis Lazding', Mihails Cugunov$, Dagnija Lazdia®, Aldis Butler$

'Forest Competence Centre, Dzerbenes 27, Rigd - Latvia; > Latvian State Forest Research
Institute “Silava”, Rigas 111, Salaspils LV-216%tlia

andis.lazdins@silava.lv

The land use, land use change and forestry (LULUSEEJor is important in Latvia's greenhouse
gas (GHG) balance because more than half of thetigoarea is covered with forests and due to a
long history of sustainable forest management. Ating to data provided by National statistical
forest inventory (NFI) the total forest area in 20fas 3 346 kha (52 % of total country area). The
forest aea in the annual GHG inventory is estimated using the NFI data; however, correction is
applied to demonstrate impact of the land use atmsmce 1990. Twenty years transition period is
considered for all land use changes.

The net emissions of aggregated GHG £COH, and NO) in LULUCF sector in 2012 were -
12 301 Gg of C® eqg. The most important sink is carbon stock chsnige living biomass.
Aggregated net removals of the GHG reduced by 38 2012 compared to 1990. Reduction of the
CO, removals is associated with growth of the harmgstate and increase of the age of forests.
The recalculation in 2014 resulted in significaedwction of net removals of G@ living biomass,
because of update of the harvesting rate and tiueahanortality figures in forest on the base o th
NFI data (Latvian Environment, Geology and Meteoggl Centre, 2014).

GHG emissions from drained organic forest soil areounted using factor 0.68 tons C'K@able
3.2.3 of the IPCC GPG LULUCF 2003) and 0.943 k@Nha' annually. In drained mineral forest
soils only NO emissions are accounted (factor 0.094 k@ Na' annually, Penman, 2003). No
CO, emissions are accounted from dry mineral soilsabge the BioSoil data shows no losses of
carbon in dry mineral soils between 2006 and Z0&2dipS et al, 2012).

Emissions from organic soil in cropland are caltadausing equation 3.3.5 of the IPCC guidelines.
Factor of carbon stock change is estimated usiad=tfuation 3.3.3 of the IPCC guidelines. Initial
carbon stock in deforested areas was considerextciicg to results of the BioSoil project — 124
tons C h& at 0-30 cm depth. Factors for the carbon stockgbaalculations are taken from Table
3.3.4 — FLU 0.71 (Longerm cultivated, Temperate wet); FMG 1.00 (Full tillage, Temperate dry
and wet); FI 1.00 (Medium input, Temperate dry and wet, Penman, 2003). The carbon stock in
cropland after transition period is 88 tons Chheespectively net reduction of carbon stock in
mineral soils is 36 tons Heor 1.8 tons ha& annually. For organic soils in forest land coneérto
cropland the factor for cropland remaining cropl48¢7 tons C ha annually) is applied (Latvian
Environment, Geology and Meteorology Centre, 20T4e factor used to account carbon stock
changes in drained organic soils in grassland isob@d from the Swedish GHG inventory
(1.6 tons C ha annually). No carbon stock changes are accountedgfassland remaining
grassland and for grassland converted to foreskt [IRemovals of C@are accounted for cropland
converted to grassland using Equation 3.3.3 of[B@C guidelines, factor for the carbon stock
changes from Table 3.3.4 are used (Penman, 2003).

The need for modelling tool for estimation of cartsiock changes in soil in Latvia is identified
long time ago. Previous consultations with insikmas$ involved in the GHG inventories in other
countries highlighted Yasso model, which can beliagpboth, in agricultural and forest lands.
However, drawbacks of the Yasso model are lackodityato separate litter and soil layer and the
model cannot be used on drained and naturally wig. SThe last issue is especially important,
because about half of forest in Latvia are locatedrained or naturally wet soils and, similarhge t
most of agricultural lands are drained. Yasso madeinot be used directly to estimate nonyCO
emissions; however, no other models either provides reasonable implementation of this function.

The most important benefit of Yasso model is usprotiuctivity data instead of soil characteristics
in calculations; respectively, in theory there is no need for soil map to calculate CO, emissions from



soil. In practice, the information about organidlsas necessary to separate this source of
emissions. Yasso is also the only open sourceagan of this kind, which is tested in real world
conditions.

The scope of the presented study was to evaluasilplities to use dynamic soil carbon stock
change models Yasso in the GHG accounting in LatvidJLUCF sector. The evaluation was done
on the base of the GHG inventory and literaturaesgv Two versions of the model are used in
practice: Yasso and YassoO7 (http://code.googlemiyasso07ui/). Yasso is the original version,
which was used as a base for more updated versasso¥7. Yasso and YassoO7 are dynamic
models of litter and soil carbon decomposition, ehhicharacterize cycle of decomposition of
organic carbon in litter and soil layer, using ntaymethrical and chemical parameters of litter and
climate information as activity data. The outputYalsso model is total carbon stock in soil and
distribution of soil carbon between different corapds (if the initial carbon stock in soil is set),
carbon stock changes during the period split ineo3 categories of organic materials and release of
carbon from soil (Lisket al, 2005; Rantakari et al, 2012).

According to the study results YassoO7 model caruged in Latvia to account carbon stock
changes in soil in forest land, cropland and grassland; however the most beneficial is use of the
model in cropland and grassland, where proportiborganic soils is small and the model can
cover more than 90 % of these land use catego@iemiprehensive study on elaboration and
validation of the necessary calculation parametbaild be implemented before broader use of the
model, because earlier applications of Yasso oic@tural lands not always resulted with success.

Yasso can be applied also to dry and drained nlisers in forest lands to estimate carbon stock
changes in soil and dead biomass. However, thetggent need to elaborate methodology for
estimation of carbon stock changes and non-@&@issions in drained and wet organic soils.

Implementation of modelling approach requires pkddield measurement information, which can
be used for quality control purposes as well asimprove calculation parameters. Field
measurement data can be obtained in permanent ariagitplots in forest land, grassland and
cropland, which can be established on the baseistireg monitoring systems.
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Trees are adapting and will have to adapt to th@dralimatic changes, including rise of
temperature in increase of length of vegetationoperlt might lead to shifts in phonological
processes and increasing frequency of weatherere@mages. It might also lead to increasingly
frequent formation of lammas growth — additionaigheé increment in second half of vegetation
period. Lammas growth can lead to such negativeamurences as higher number of branches per
whorl and/or or per meter of tree stem, occurresfcgpike knots and frost damages. Therefore aim
of the study was assess proportion of trees witimlas growth and factors affecting it. Study was
carried out in an open-pollinated progeny trial$Nafway spruce plus trees, located in central part
of Latvia (56°46°N, 24°48°E) on abandoned agrigaltdand in different soil conditions and
elevation, but separated by distance of only apprately half kilometer. Average proportion of
trees with lammas shoots in trials were from 1.2%35.2 % at the age of 10 years and from 13.1%
to 29% at the age of 11 years. Differences betweamns were statistically significant, indicating
impact of meteorological conditions, possibly tlegably higher temperatures (on average by 3°C)
during all August. As the temperatures are preditberise in future, higher frequency of trees with
lammas shoots could be expected. Statisticallyifiignt difference between trials suggest, that
also soil plays an important role in determinatafrproportion of trees with lammas shoots (soil
differences being represented in notably diffetes¢ growth — mean height at the age of 10 years
ranging from 190cm in trial 2 and 290cm in trial B)is suggested, that due to warmer climate also
mineralization rate will increase, improving sodrility. Our results suggest, that it will further
contribute to increased frequency of lammas shoots.

Higher trees with longer height increments have agnificantly higher frequency of lammas
shoots. For those trees it is also more likely &wehlammas growth several years in a row,
indicating that quality of the best growing trees dt risk. At family mean level, however,
correlation between height increment and proportibtrees with lammas shoots in the same year
was r=0.41 (p<0.01). Notable variation in propartaf trees with lammas shoots was found among
families (ranging from 0...42%) and genetic cotielafor this trait among years was statistically
significant (r=0.39, p=0.01). These results indi¢dahat selection of fast growing genotypes with
low frequency of lammas shoots is possible, buterahigh selection intensity might be required.
Results suggest, that in conditions more favorédsdormation of lammas shoots (as in trial 3)
more families are affected not only the same fawmijust with higher proportion of trees. That
indicates, that for selection of least affected ifee® trials shall be established on fertile saida
evaluation done in year with warm autumn. Familyameorrelation among fields varies and
average (r=0.4) in cases, where average propodfotrees with lammas shoots (and affected
families) is similar.

Support for the initial study was provided by ESi®jpct «Importance of Genetic Factors in
Formation of Forest Stands with High AdaptabilitpydaQualitative Wood Properties» (No.
2009/0200/1DP/1.1.1.2.0/09/APIA/VIAA/146), last yemeasurements and analysis was carried
out in frames of Forest Competence Centre (ERABjept «Methods and technologies for
increasing forest capital value» (No. L-KC-11-0Q04)
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The aim of thinning, regardless of type, is to ioy@ composition of the tree species and to
maximize the value of the stand before final fgjlimhile ensuring the implementation of the rest
of forest ecosystem services. Nowadays thinninaitvia mainly is performed by chainsaws, but
heavy forest machines appear to replace manuahtipres. However, it doesn’'t mean that all of
the available logging equipment is acceptable Fonrting. The main priority of thinning is to
secure improved growth of stand and production @bdy so the thinning must be done careful and
mechanical damages to remaining trees and soil dvbal avoided. The assessment of applied
techniques and work methods is necessary beforadbmmplementation of mechanized early
thinnings. The aim of the study is to determineatuk the impact of the distance between the strip-
roads to remaining stand in terms of mechanicaladg®s, using small and middle-class harvester
(Rottne H8 and John Deere 1070D) with a differeane length, which are suitable for different
distances between strip-roads (Table 1).

Table 1. Distance between stip-roads

Max. reach with harvester| Distance between
Harvester and forwarder ;
head, m strip-roads, m
John Deere 1070 D harvester and John Deere 81warfter 10 16; 18; 20
Rottne H8 harvester and Rottne F10B forwarder 7 20530

Working with a small harvester and distance betwstgp-roads 20 m the machine made one extra
road (further in the text “ghost-trial”), with 30 dlistance between strip-roads the machine made
2 ghost-trials. Ghost-trials are not used for I@gnsportation. At a 20 m distance between the-strip
roads, ghost-trail is made and timber is put onltb#h sides at the edge of strip-roads but if the
distance between strip-roads is 30 m, then two tginads are made and the timber placed only on
one side of each ghost trail, at the edge of soga. When working with John Deere 1070 D
harvester, ghost-trials were not used, althoughetiere difficulties to thin about 4 m wide zone
located 8-10 m away from centre of strip-roadhé tistance between strip roads was 20 m.

The study focuses on conditions in stand aftemihip, assessing mechanical damages of remaining
trees. Thinning trials were performed in Septemb@ctober, 2013. Empirical data were collected
in 9 forest stands (dominant tree specie birch, bemof trees per hectare before thinning 3-5
thousands, average tree diameter 7-10 cm, averagdeight 10-16 m). Total area of the stands is
14.3 ha, including 9.1 ha thinned with John DeeB¥0D and 5.2 ha — with Rottne H8.
Undergrowth was left before thinning in all plofshe stands are located in 84ari region (Lat:
56.713834, Lon: 25.062916).

Before the trials centres of strip-roads in allngl® were marked with colour. After thinning
(separately after harvesting and forwarding) dammagk remaining trees were accounted and
divided in four groups: (1) damage above ©.52) damage below 0.1m; (3) root damage and (4)
the cuts. Remaining stand and damages were measuredtangular plots (length 20 m, width
15-30 m, depending from distance between stripgphaihicluding strip-road and both sides of
thinned stand. Sample plots were placed on eveprrstad, distance between borders of the plots



40 m. In the sample plots each tree with diameter above 4 cm was measured, including DBH,
distance from tree to a centre of strip-road, tree species and damages (origin and type). According to
study results considerably more damages was caused by middle-class harvester John Deere 1070D,
if the distance between strip-roads is 16 and 20 m (Figure 1), where, respectively, the proportion of
damaged trees is 10 and 12 %, while proportion of trees damaged during forwarding is relatively
small. The smallest proportion of damaged trees was found, if the John Deere 1070D harvester
worked at 18 m distance between strip roads. Operations with Rottne H8 harvester resulted in the
smallest proportion of damage, if the distance between the strip-roads is 15 m, but increase of
distance between strip-roads to 30 m raised proportion of damaged trees almost 2 times. Notably,
that proportion of damaged trees increased considerably, if distance between strip-roads was 15 m.
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Figure 1. Proportion of damaged trees depending from harvester type and distance between strip-
roads.

If small Rottne H8 harvester is used in thinning, the proportion of damaged trees is less than 5%,
except for 30 m distance between strip-roads, where the proportion of damaged trees is approaching
to 6 %.The study demonstrates, that regardless of the harvester type, if the distance between strip-
roads is equal to the maximum reach length (15 m for Rottne and 20 m for John Deere), the total
proportion of damaged tree is the highest.

The optimum distance between strip-roads for Rottne H8 according to the study results is 20 m with
one ghost-trail between and for John Deere 1070 — 18 m, without ghost-trails. The results presented
in this abstract are based on currently available data. Other factors influencing tree and soil damage
during thinning will be analysed in further studies and recommendations for reducing the damages
will be developed.

The study is done within the scope of the National forest competence centre project No L-KC-11-
0004.

Keywords: thinning, tree damages, striproads
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Forest regeneration on forest logging trails carolb&tructed by the impact of, both, branch layer
and soil compaction. It has been proved in Germhbal/stand productivity in long term decreases
as a result of soil compaction (Gameda, Raghavaikyels, et al. 1987). Soil compaction, which
takes place during final felling, is corellatingtkvithe use of forest machinery. The level of saill
compaction indicates the ability of plant roots gteate through soil layers. The maximum soll
penetration resistance, which can be consideret@ptable for optimal root development, is one
1 MPa, which corresponds to strength, with whiabmgng roots force on soil particles. Significant
disturbance in growth of roots are observed, ifdbié penetration resistance is higher than 3 MPa
(Bakker, 1990; Mullins, 1990).

The sample plots were set up in JSC Latvia Statest® (LSF) Zemgale and Vidusdaugava
forestries, where clear-cuts were performed fromd71% 2006. The felling was done either
mechanically or manually (using chain saws), bet ¢iff-road transport of timber was done with
forwarders. The logging season for each plot isskmarhe sample plots are rectangular-shaped and
comprised of a logging trail and the adjacent forsetsnd. Measurements of the penetration
resistance were done during July and August, 201&stimate, if there is significant difference of
soil penetration resistance at the depth of 0-8®etween the former skid-trials and untouched part
of the stand. Measurements were done on logginig ttad on control plots with the Eijkelkamp
digital penetrologer. The soil penetration resistadescribes soil compaction. Number of trees of
economically important tree species were countetitheir height was measured to determine the
species composition, to calculate the averagehegght and to determine the number of trees per
unit of area on a strip roads and other part okthad.

By evaluating the soil profile to the depth dowr2tcm, soil compaction on logging trails and soil
control sample plots differs significant in stands, which are located on organic and drained soils;
however, significant differences were not foundtop soil down to 25 cm where the majority of
tree roots are located. Significant differencean sompaction can be observed only in the deepest
soil layers of forests on naturally dry minerallsoPermanent compaction in the deeper layers can
be connected with a regular soil freeze-throughrdamwapproximately 50 cm depth. Compaction of
the deepest soil layers is not influencing vitaldf trees, however, it can have influence on
hydrological regime of area, reduce tree resistaaogind, as well as inhibit the access to water
and nutrient reserves in deeper soil layers. Tindysshows that compaction is not influenced by the
choice of forest machinery, but it can be influehbg felling season.

When analysing the obtained data about forest exgéon, it has been concluded that in majority
tree dimensions do not significantly differ betwesemtrol and logging trails. Pine and spruce reach
equally good height indicators, both on logginglsrand control. Birch even grows better on forest
logging trails in compare to control. Birch is tim@st widespread specie, both, in control areas and
on the logging trails. Pine and spruce is followlmgthe number of trees. There is no significant
difference in species composition between the lugdiails and control areas. The number of trees
is significantly smaller on logging trails compagimvith the rest of stand, but it is sufficient to
ensure the minimum number of trees defined in taegeneration regulations. It is most likely that
the number of trees on forest logging trails iduehced by forest residues, which detains seeds
from getting to soil. Soil compaction do not infhee the growth of young trees at the moment.



However it does not exclude possibility that thgatere impact of soil compaction can increase
during the further stand development.
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In order to increase efficiency and to secure @eis of solid biofuel from forest it is necesstry
start to use forest machinery in early thinningwedwer, such practice may affect the growth of
forest adversely. The use of forest machinery iyehinning can lead to soil compaction and
formation of ruts. Soil compaction may affect thater regime in soil, reduce stand resistance
against wind, as well as restrict access to thetiegi water and nutrient reserves in deeper soil
layers. Ruts left after forest machines can spgedistribution of root rot considerably. The aim of
the study is to evaluate impact of different conalimns of wheeled and tracked machines on saoill
penetration resistance and rut formation duringdsting and forwarding operationis.central part

of Latvia nearby Skveri 7 deciduous stands representing feAggopodiosandDryopteriosasite
types were selected for the study. Soil penetrategistance was measured with Eijkelkamp
penetrologger down to 80 cm depth or 3.5 MPa |émeximum limit for manual operation) in
November 2013. The harvesting trials were done ugust and September, 2013. Wheeled
harvesters — John Deere 1070E and Rottne H8 ankettaharvester — Timbear where used in
harvesting trials. Wheeled tractors — Rottne F108 dohn Deere 810E and tracked machine —
Timbear, were used as forwarders. Four differemloations of machines and working methods
were compared: (1) John Deere 1070E harvester ®rdcke C.16b felling head (full tree
harvesting, no residues in corridors) and Timbeafoavarder (JDF); (2) Timbear as harvester
(residues in corridors) and as forwarderT()f(3) Rottne H8 (residues in corridors) in harvesting

and Rottne F10B in forwarding (R); (4) John Deere 1070E harvester with Bracke C.16b felling
head (no residues in corridors) and John Deere &tarder (JD-JD).

The results show significant differences betweenrridors and remaining stand in all 4
combinations. But the depth of impact differs beawe&ombinations and harvesting methods (full
tree or delimbed assortments). We found signifigergact (p < 0.05) down to 25 cm with T-T,
down to 35 cm with JD-T and down to the whole def@® cm) with JD-JD and R-R. The most
intensive soil compaction was found in areas, whbkee combination JD-JD was applied, with
relative difference of soil penetration resistabgel29% higher in corridors in compare to control
spots indown to a 27 cm depth. With R-R the petietraesistance in corridors was up to 95 %
higher in compare to control spots down to 15 @pth, with T-T — up to 92 % down to 4 cm
depth and with JD-T — up to 76 % down to 7 cm depihth combinations of wheeled harvesters
and wheeled forwarders (JD-JD, R-R) resulted infaumation in 46 % of total length of all
corridors and only 2 % of ruts, if the tracked Teab machine was used in forwarding (JD-T, T-T).

The study results demonstrate that forest machaaes compact forest soil significantly and
compaction takes place not only in upper soil layéut also down to 80 cm depth, if wheeled
machines are used, and there is significant diffexebetween different types of machines and
working methods. As it has been demonstrated inlairstudies in Nordic countries, the hydraulic
conductivity in compacted forest soil decreasesupyo 86 %, which might result in much more
dramatical changes in young stands than in matarels. Soil penetration resistance data obtained
in forest standsHylocomiosaand Myrtillosa), where forestry activities carried out during the
period from 2009 to 2011, shows that soil penairatesistance in corridors and remaining stand is
still significantly different. The negative impacan be reduced by broader utilization of tracked
forwarders and by use of forest residues in corsiddlthough the penetration resistance
significantly increased in corridors, it did notcexed critical level (3 MPa) for plants root fornaeti

in upper 40 cm soil layer.



The study is done within the scope of the Natidoedst competence center project “Methods and
technologies to increase forest value” (L-KC-11-900

Keywords: soil penetration resistance, compaction, thinningrvesting, forwarding.



EVALUATION OF CHEMICAL AND PHYSICAL
PROPERTIES OF WOOD ASH IN LATVIA
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Utilization of wood ash is growing issue in Latdad the whole Europe, because increases use of
biomass in energy production. Thanks to its lowt eosl favorable chemical composition wood ash
can be more used as soil amendment. As a fertiighrhas many advantages. Ash fertilization
reduces soil acidity, which induces reduction afcleing toxic Al compounds. Ash significantly
increase the effective cation exchange capacityraimeéral saturation in soil overall. It has been
shown that fertilization positively affect the ieonent of trees. But wood ash also contains
elements that might pose environmental problemsavymetals.

Physical and chemical properties of wood ash dependmany factors, for example, combustion
systems and temperature, type of fuel (bark, leavasiwood or softwood) etc. These factors also
affect content and distribution of heavy metalsichltould limit ash application.

Samples of wood ash from 40 different companiegwaeialyzed. Ash were sieved and divided into
three fractions — fine, average and coarse. Fdr raction composition of chemical elements, pH,
moisture and density was determined.

Acidity of wood ash varied from pH 9.5 to pH 13\6ean density was 967 kg
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Figure 1 Major elemental composition in different ah fractions.

Coarse fraction has low content of the nutritiogl@iments (Figure 1), which means that it consists
mostly of SiQ. It suggests to sieve ash before application ¢oeemse fertilization efficiency and
reduce transport costs. Fine ash fraction has ralements required by plants such as calcium,
potassium and phosphorus.



Wood ash mostly consists of fine particles (FigRye Higher share of coarse fraction (particles
larger than 45 mm) is characteristic for wood asimfcombustion systems with a capacity higher
than 10 MW because of uneven combustion.
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Figure 2 Ash fractions depending on capacity of cobustion system.

Higher mineral content, but not significantly, wiagind in fine ash fraction (Table 1). Only for
phosphorus (P) content significant difference betwéne and average ash fraction was found in
the study.

Tablel Chemical composition of wood ash

; Main elements, g kg™
ca::";\'lty’ Fraction
Cor, Cearb P N K Ca Mg Mn
4

Fine 21.29 ¢ 31.09¢ 10.75 13+ 46.34+ 15595+ 2811+ 381+%

6.48 8.35 t2.67 0.61 10.88 25.67 8.16 0.93

<1

Average 949 + 20.71 % 6.64+ 172+ 425+ 138.78+ 27.63+ 3.04+

g 36.8 6.87 1.58 0.58 11.96 24.12 11.34 0.86

Fine 46.01 £ 27.01+ 11.61 0.28+ 46.22+ 190.21+ 26.69% 3.7

23.4 4.25 +1.08 0.07 3.96 13.96 2.24 0.37

1-5

Average 33.73 ¢ 14.01 812+ 048+ 4151+ 16332+ 26.56+ 285%

g 10.67 3.3 0.89 0.14 4.28 13.12 2.79 0.38
Fine 28.84 23.63 ¢ 128+ 046+ 4164+ 200.67+ 2514+ 3.72%

510 9.95 3.56 1.37 0.1 8.02 19.65 1.98 1.1
Average 113.58 2421+ 885+ 164+ 3196+ 146.7+ 2285+ 3.01#

g +91.49 12.8 0.52 0.79 5.29 27.47 5.3 1.17
Fine 28.84 23.63 % 12.8+ 0.46+ 4164+ 200.67+ 2514+ 3.72+%

9.95 3.56 1.37 0.1 8.02 19.65 1.98 1.1

>10
113.58 2421+ 885+ 164+ 3196+ 146.7+ 2285+ 3.01#
Average

+91.49 12.8 0.52 0.79 5.29 27.47 53 1.17




No correlation between the content of heavy metafine and average ash fractions and capacity
of combustion system were found, except of chromii@n). Concentration of Cr is higher in
average fraction of ash in combustion systems gher capacity.

The study is done within the scope of the Europauelopment fund project “Elaboration of
methodological and technical solutions for utiliaatof wood ash in forest fertilization”
(2DP/2.1.1.1/13/APIA/VIAA/Q34).

Keywords: wood ash, chemical properties, physical properties.



CASE STUDY OF SOIL CARBON STOCK CHANGES IN
DRAINED AND AFFORESTED TRANSITIONAL BOG
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'Forest Competence Centre, Dzerbenes 27, Rigd - Latvia; * Latvian State Forest Research
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Vesetnieki research station was established in .IDB& total area of the research station is 370 ha,
including 31 % of forests on drained organic seihjch are located on a right bank of Veseta river
in transitional bog. Forest drainage was done i601€7zlitis, 2008). Initial depth of peat in
transitional bog was 4.5 m. It consisted mostlgedge peat (75-80 %) and woody peat (20-25 %).
Down at 1.5-2 m depth reed peat was found. Thegpima layer characteristic for transitional bog
disappeared within 15 years. The decompositionohfeeat at 10 cm depth in 2008 was 55 %, in
deeper layers — 33 % gHtis, 2008). Forest stands on drained organic smiisesponds to fertile
stand types. An important part of measurementshé \tesetnieki research station was regular
levelling out of the ground surface. Repeated measents was done in 1966, 1970, 1975, 1977
and 1982. A part of the transitional bog was leaftouched, providing opportunity to compare
2 scenarios of carbon stock change — natural aaidestt land.
The national greenhouse gas (GHG) inventory ustsilieemission factor for all drained organic
soils — 0.68 tons C Haannually (Latvian Environment, Geology and Metéogy Centre, 2014).
Total GHG emissions from drained organic soil ine&t land according to the GHG inventory in
2012 was 1 069 Gg CGand 124 Gg of C@eq. of NO emissions. Organic soils in forest is one of
the key source of emissions in land use land uaegdhand forestry (LULUCF) sector.
The scope of the study is to compare carbon stbekges in soil and other carbon pools after
drainage of the transitional bog. The obtained @daéasupposed to be used in elaboration of the
country specific factors of carbon stock changedrained organic soil. Possible accumulation of
carbon in peat in the untouched part of the treomst bog was ignored due to the fact, that visible
height difference between land surface and topgrofindwater sampling wells was not found.
Multiple data were collected in 30 sample plotgluding stand characteristics, surface levelling,
bulk density of soil and litter, carbon contensil, litter and woody debris.
The surface levelling results demonstrated redoctib ground level by 25.7 cm during 51 year
after drainage (Table 1), more significant reduttias found in spruce srands.

Table 6 Reduction of ground level after certain pdaod of time (cm)

Dominant species 7 12 14 19 51
Norway spruce 11.8 11.5 15.9 13.9 28.6
Scots pine - 13.7 15.6 6.8 21.4
Average 11.8 12.0 15.8 11.8 25.7

Carbon stock in living biomass in drained areagyédr after drainage is 6 times higher than in
transitional bog (Table 2). Carbon stock in deaddvand litter in drained plots is 34 times higher
than in transitional bog. Peat in drained plotslayers located above goundwater level is
considerably more compacted than in natura bogcanthins more carbon (Table 4).

Table 7 Carbon stock in different fraction of living biomass, tons ha

Growth Dominant Stem Green Dry Coarse roots Small Stump Total
conditions species branches branches roots
Drained Norway spruce  49.0 20.2 1.3 13.8 14.0 2.9 101.3
forest Scots pine 60.3 10.2 1.5 8.9 9.0 1.9 918
Average 53.5 16.2 1.4 11.9 12.0 25 97.5
Transitional Norway spruce 3.8 8.5 0.1 15 15 1.0 16.4
bog Scots pine 7.2 5.2 0.5 13 14 08 164

Average 6.1 6.3 0.4 1.4 1.4 0.9 16.4



Table 8 Carbon stock in dead wood and litter, tonsa™

Growth conditions Dominant species Litter Coarse deris Fine debris Total
Drained forest Norway spruce 4.5 4.8 1.6 10.9
Scots pine 6.1 1.8 1.4 9.3
Average 51 3.6 1.5 10.2
Transitional bog Norway spruce 0.0 0.0 0.6 0.6
Scots pine 0.0 0.0 0.2 0.2
Average 0.0 0.0 0.3 0.3

Table 9 Carbon stock in soil at 0-80 cm depth, tonsa’®

Growth conditions Dominant species 0-10 cm 10-20 cm 20-40 cm 40-80 cm Total
Drained forest Norway spruce 80.4 70.4 133.0 248.9 537.0
Scots pine 65.5 63.1 116.9 226.0 477.5
Average 74.4 67.5 126.6 239.7 513.2
Transitional bog Norway spruce 35.3 31.7 61.0 1746 302.6
Scots pine 39.3 38.3 83.5 196.6 357.6
Average 38.0 36.1 76.0 189.3 339.3

Carbon stock in soil increased significantly aftesinage, even if upper 25.7 cm layer is considered
to have zero carbon. The study results shows, upper peat layers (down to 60 cm) are not
decomposed, but compacted, when groundwater wemt,dand enriched with organic materials
from forest floor. Total increase of carbon stoskhe study area is 106 tons’h@orresponding to
removals of 7.6 tons Ga' annually). No significant difference was foundspruce and pine
stands (Table 5).

Table 10 Corrected carbon stock changes in differércarbon pools after drainage, tons ha

Dominant species Living biomass Dead wood Litter Soil Total
Norway spruce 84.9 6.0 4.5 15.6 110.9
Scots pine 75.4 2.8 6.1 11.5 95.7
Average 81.1 4.7 51 15.0 105.8

The study demonstrates considerable overestimafid®®O, emissions due to drainage of organic
forest soil in Latvia (0.97 tons C har 1 524 Gg C@annually, if obtained results are applied to all
drained organic soils). However, the study alsdlgpts need to extend the study to obtain more
compherensive results representing different stgoels and initial conditions.

REFERENCES
1. Latvian Environment, Geology and Meteorology Ce@2@14).Latvia’s National Inventory
Report Submitted under United Nations ConventioRlimate Change and the Kyoto
Protocol Common Reporting Formats (CRF) 1990 — Z@hfine]. Riga.
2. Zalttis, P. (2008). kdras augsu hidrolgziska rezma ietekme uz ég jaunaudzu augSanas
potencilu. Mezziratne 17(50), 3-8
The study is done within the scope of the projéd.(L-KC-11-0004) of the National Forest
Competence Centre.
Keywords: soil organic carbon, drainage, stock changes






