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ABSTRACT

Background: Forests are the main terrestrial regulators of greenhouse gas concentrations. However,
estimates of carbon fluxes in them are characterized by large uncertainties. Therefore, the derivation of
predictors for their assessment is an urgent task. The aim was to assess the carbon stocks in the biomass
to characterize the intensity of aboveground net production and the amount of litterfall in Scots pine
forests of different types on the North-East of the Europe. We estimated biomass and aboveground net
primary production (ANPP) of stands using sample trees. For vegetation of ground cover biomass and
primary production evaluating, we cut off all aboveground organs on an area of 625 cm? and removed
the first-year parts. Litterfall was collected over 3-6 years using litter traps.

Results: Most of the carbon in the biomass of pine forests is concentrated in trees (C__ ) with dominating
role of stem wood. However, in boggy forests, ground vegetation plays a significant role in carbon
stocks, both in absolute and relative values. We estimated carbon fluxes in ANPP and stand litterfall.
High contribution of needles was detected for these flows. The ratio between ANPP and C__ . varied
from 0.018 to 0.056 but between Litterfal and C___ ranged from 0.008 to 0.024.

stand

Conclusion: The biomass, ANPP and litterfall depended form forest type. Obtained ratios between them
can be used for assessing carbon fluxes in large regions using remote data collection of forest biomass.

Keywords: Carbon stocks, biomass, aboveground net primary production, litterfall

HIGHLIGHTS

The carbon stocks, net production and litterfall were presented for Scots pine forests.
Pine forests on North-East of Europe were characterized by low productivity.

The needles and leaves dominated in the annual litterfall of Scots pine forests.
Approach of carbon fluxes estimating in forest ecosystem was suggested.

-

OSIPOV, A. F; KUTJAVIN, I. N.; BOBKOVA, K.S. Ratios between aboveground net primary production, litterfall and carbon stocks
in scots pine stands (Russia). CERNE, v. 27, e-102567, doi: 10.1590/01047760202127012567

«Corresponding author e-mail: a.fosipoff@gmail.com Received: 14/05/2020 Accepted: 06/11/2020



http://www.cerne.ufla.br/site/index.php/CERNE
ufla.br/en/ufla/
https://orcid.org/0000-0003-0618-9660
https://orcid.org/0000-0002-7840-1934

Osipov et al.

INTRODUCTION

The ongoing climate change, associated with
an increase in the concentration of greenhouse gases in
the atmosphere, has led to the adoption of a number of
intergovernmental climate agreements, the most recent
of which is the Paris Agreement under the United Nations
Framework Convention on Climate Change. If it is ratified,
the Russian Federation will declare a reduction in greenhouse
gas emissions by 2030 to 70-75% of the 1990 level, primarily
due to taking into account the absorption capacity of
forests. Forest ecosystems of the Russian Federation, which
comprise about 20% of the area of the world's forests, play a
tremendous role in the carbon cycle of the biosphere (FAO,
2010). Because of this, studies of the forest carbon cycle in
this territory, as well as the impact of climate change on them,
do not lose relevance (Schapoff et al., 2016). At present time
estimates of carbon stocks in the biomass of Russian forests
are fairly close, while carbon storage in soils and its temporal
dynamic and fluxes have high uncertainties which are mainly
due to a scarcity of experimental data (Schepaschenko et al,,
2013; Thurner et al., 2014).

Primary production is a key component of forest
carbon cycle (Pan et al., 2011). For large regions in boreal
zone these parameter was estimated based on forest
inventories data or “semi-empirical” method for assessing
NPP that combined the Richards—Chapman growth
function and vyield tables (Shvidenko et al., 2007). As a
predictor in assessing the net primary production of large
forest areas, one can use data on the biomass of stands
or wood reserves in them, employing conversion factors
between them (Keeling and Phillips, 2007).

The opposite process of net primary production
is litterfall. According to a Ortiz et al. (2013), difficulties in
forecasting soil carbon dynamics are due to uncertainties
in predicting the mass of litterfall, which is a connecting link
in the carbon cycle between soil and biomass (Smith et al,,
2015). To forecast of the amount of litterfall entering the soil
surface have been used data on the biomass (Tupek et al,,
2015) and net primary production (Lv et al., 2013; Park, 2015)
of needles, radial growth of stem wood (Lehtonen et al., 2004),
weather conditions (Portillo-Estrada et al., 2013; Bhatti and
Jassal, 2014) with that were determined close correlation.

In addition there are two indirect ways of assessing
this flux: by the loss of carbon during respiration of the soil
and by it's tying up in net primary production (Matthews,
1997). In our opinion, the use of soil respiration data for
calculations of litterfall has substantial uncertainties
associated with the lack of unambiguous assessments of
the share of autotrophic respiration in the total CO, flux
from the soil surface (Goncharova et al., 2019). In this line,
(Neumann et al., 2018) concluded that the availability of
biomass data can lead to more reliable results compared to
climatic parameters when assessing litterfall inflow.

An analysis of the literature showed that the
information on the interrelation of net primary production
or litterfall with biomass of stands for boreal forests is
clearly not sufficient. We think that base on these ratios is
possible to derivation of conversion coefficients, by analogy

with those used to assess forest biomass (Schepaschenko
et al, 2018). It will allow calculating carbon fluxes with
net primary production and litterfall in forest ecosystems
using biomass data. Thus, they will be helpful to reduce
uncertainties when assessing carbon fluxes in the boreal
zone. Our study therefore has the following objectives: 1. to
assess the carbon stocks in the Scots pine forest biomass,
aboveground net primary production (ANPP), and intensity
of litterfall inflow in Scots pine forests in Komi Republic
(Russia) 2. to calculate the ratio between ANPP and litterfall
and carbon stocks in the aboveground organs of stands.

MATERIAL AND METHODS

Study area

The experiments were performed on the territory
of Komi Republic (region of Russia) that locates on North-
Eastern of East European Plain (Fig. 1). The objects under
study were placed in the Chernam (N 62° 01" E 50°28") and
Lyal (N 62° 17" E 50°40") forest ecological stations of the
Institute of biology of the Komi Scientific Center of the
Ural Branch of the Russian Academy of Sciences and in the
buffer zone of the Pechora-llych Nature Reserve (N 62° 49
E 56°52"). The climate in the territory under consideration is
temperate continental. Mean annual air temperature varies
from +0.3 to +0.5°C (Chernam and Lyal forest ecological
stations); closer to the Ural Mountains, it decreases to
-0.8°C, with a simultaneous increase in the amount of
precipitation from 620 to 675 mm, most of which falls
during the warm period of the year. The mean duration of
the growing season is 141 days, while the number of days
with stable snow cover is 165-175 days.

Data collection

The work was carried out on permanent sample
plots of a rectangular shape embedded in Scots pine
forests of different growing conditions and ages. The plot
size varied from 0.12 to 0.20 ha. Within each site, tree
diameters at breast height with a thickness of more than 6
c¢m and total heights of all living trees were measured into
account. A brief description of the stands is given in Tab.1.
The growing stock was calculated according to regional
tables, depending on the diameter and height of the tree.
The forest types were determined according to classes
of soil moisture conditions: stands on over-wetted soil
(Sphagnosa type), stands on soils with sufficient moisture
(Myrtillus type), and stands on dry soils (Lichen type).

The biological productivity of the stands was
assessed using 5-16 sample trees selected at each site
(Usoltsev, 2007; Repola, 2009). The trees must be healthy
and without visible defoliation, change in the main growth
axis, stem curvatures, decay signs, frost clefs, or caves. The
sample trees were performed after the end of the active
growth period and before leaf fall, usually in mid-August.
The sample tree selection was based on diameter at breast
height (DBH) distribution of all trees in the stand. One or
two sample trees were equal to the mean diameter of the
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stand belongs. One sample tree was close to the largest
on diameter trees and one to the smallest trees. The other
trees were taken randomly from the range between largest
and smallest DBH.

The aboveground part of each sample tree was
partitioned into next fractions: stem, branches and twigs
with needles. For this purpose, the tree was cut into 2-m
sections from root collar and weighed. After fresh mass
weighting from each section were taken next samples: in
first, sample discs were cut from stem for wood/bark ratio
determining; in second, twigs with needles samples were
collected for twig/needles ratio and their distribution on
age. In addition to all samples were used for water content
determining in biomass fractions. The roots were excavated
from soil and weighed. After that the samples for water
content determination were collected. Further processing

Tab. 1 Characteristic of Scots pine stands.

Fig. 1 Location of study sites (triangle points) on Komi
Republic and on Europe map (in down right corner).

was carried out in a laboratory. Samples were packed in
plastic bags to water content preserve.

To determine the biomass of the ground cover
vegetation all aboveground organs were cut off on 40-50
plots with an area of 0.25 m x 0.25 m on distance 4-5 m
between from each other. Samples of plants for analysis
of biomass were collected in mid-August. Sampling in
late summer aimed at estimating the maximum biomass
accumulation of all species during the growing season
(Woziwoda et al,, 2014). Underground organs were collected
using a drill with an area of 98 cm?in 40-50 cores to a depth
of 20 cm. To determine the production of shrubs in Myrtillus
and Lichen type pine forests, we randomly cut off 10-50
samples of shrubs on PL1 and PM?. The number of samples
depended on the species frequency occurrence.

Stand code  Stand compostion Mz age | Densy - Basa area Growng stock  Mean heght - Mean dlameter
Pine forests Lichen type
PLT 10P s. B 84452 2533 32.0£1.8 24617 13.9+0.2 1.6+0.3
pL2 10P 180+20 908 21.6+2.0 177+19 14+0.4 14.3+0.3
Pine forests Myrtillus type
PMT 9P1Bs. S 60+4 1730 24.9+13 205+13 14.4+0.2 15.9+0.3
PM2 9P1B+S 94+7 1195 27.8+13 220+12 15.0+0.3 19.1+1.3
Pine forests Sphagnosa type
PST 9P1B+S 4242 2153 15.0£0.6 95+5 8.8+0.1 9.3+0.2
PS2 10P+B s.S 60+4 2040 15.7+0.6 109+5 10.0£0.1 10.0£0.2
PS3 10P+B,S,A 118+4 1210 20.2+1.0 169+10 12.9+0.2 16.3+0.4

' Stand composition was calculated according to input of species in total growing stock. One unit is equal to 10% from total growing stock. Species: P —

Pinus sylvestris, B — Betula pubescens, S — Picea obovata, A — Populus tremula; s — single (input <1 %); "+

un

- input from 1 to 4 %. 2 Mean + standard error
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The inflow of tree litterfall to the soil surface was
assessed using 15-20 litter traps of 0.25 m? that were
installed on distance about 5 m from each other on sites
within 3 or more years (Portillo-Estrada et al., 2013). Litterfall
was collected twice a year: after snow melting in mid-May
and after leaf fall in mid-October. The observation period
was different for the stands and given in Tab. 4.

Cameral processing of data

Under laboratory conditions stem samples of trees
were separated into bark and wood. The twigs with needles
samples were divided on components with age of fractions
determining. Then their fresh mass was weighted. The
samples of ground vegetation were sorted into individual
plant species. The shoots of first year were cut from sample
shrubs for their increment evaluating. The following fractions
were separated into the litterfall samples: needles, leaves,
branches, bark, and cones. If the litterfall fragments were
difficult to differentiate due to their small size, they were
placed into a separate fraction, plant remains (Portillo-Estrada
et al., 2013), which mainly included bud scales, small fragments
of needles, or bark. All samples after cameral processing were
dried to absolute dry weight at a temperature of 105°C and
weighted. After drying the water content was determined in
samples of sample trees for each fraction.

Data analysis

The mass of the tree roots in Lichen and Sphagnosa
types Scots pine forests was calculated by the equation using
the ratio of the aboveground and total tree mass (Mokany
et al,, 2006). Needle growth was assessed as mean by the
contribution of the needle mass over 4 years to the total
mass. The current growth of stem wood was determined as
the mean over the past 5 years by the cuts of stem wood that
were made at the level of the root neck, the heights of 1 and
1.3 m, and then every 2 meters up to the top. For this purpose
analysis of the radial growth of the stem wood was carried out
by four radii using the tree-ring measurement station LINTAB
and TM 5 (RINNTECH®, Germany) and software for tree-
ring measurement and analysis TSAP-WinTM (RINNTECH®,
Germany). According to these data, a tree growth progress by
height and diameter was built. The bark increment was taken
equal to its litterfall. Branch growth was determined by the
middle branch selected from the middle of the crown of each
tree as the sum of the middle branch’s mean growth of the first
order and all branches of the second order, using the following
equation [1], where | is the growth of the middle branch
(mass units), Mbrl is the mass of the first-order branch
(mass units), Mbrll is the mass of the second-order branch
(mass units), A is the age of the branch (years).

Based on sample trees data, we derived equations
for the dependence of mass and increment of separate
fractions from the diameter at breast height of the form
M = axD®, where M is dry mass of biomass or increment
component (kg), D is DBH (cm), and a and b are constants
(Tab. 2). Type of equation was chosen based on the analysis
of the approximating curve. The curve should not cross the

_Mbrl — Mo 1
I==4 +nZ::7 g (1]

abscissa axis, which leads to negative values of biomass
and increment. This type of equation provided accurate
biomass predictions (Payne et al., 2019). For sample shrubs
we calculated share of the first year shoots from total mass.
The data are presented in Tab. 3. The growth of herbaceous
plants was taken equal to their biomass. The ratio between
the growth and the total mass of shrubs in pine forests of
Sphagnosa type and mosses in all studied sites was calculated
according to published data. For Vaccinium myrtiflus and V.
uliginésum this indicator was taken equal to 17%, for V. vitis-

Tab. 2 Equations (y=axDP) for the dependence of the
biomass (above line) and net primary production (under
line) of Pinus sylvestris trees fractions on the diameter at
breast height (D), kg (at p<0.05).

. Equation coefficients R? SEE! F
Fraction
a b
Pine forests Lichen type
| 0.035 1.628 076 146 253
Needle 0.0079 1622 076 040 348
Branches 0.003 2.83 094 387 1155
0.0018 1.892 065 033 186
Stern wood 0.124 2.243 096 1243 171.0
0.0006 2.672 0.73 060 189
Stem bark 0.029 1.965 094 248 1204
Pine forests Myrtillus type
Needle 0.013 2.05 0.91 216 63.80
0.002 2.07 095 018 118.03
Branches 0.01 2.55 095 321 181.78
0.004 1.65 0.65 023 20.31
Stem wood 0.07 2.47 096 3032 169.52
0.009 1.74 096 0.05 76944
Stem bark 0.01 2.06 094 204 11154
Roots 0.03 2.29 097 585 101.70
Pine forests Sphagnosa type
Needle 0.012 2.056 086 045 737
0.002 2.277 085 017 227
Branches® 0.024 1.946 083 101 58.6
3.245 0.972 085 045 113
Stern wood 0.107 2.298 097 376 388.0
0.005 2.241 071 073 122
Stem bark 0.038 1.726 0.87 0.60 803

'SEE - standard error of equation. 2 For Scots pine trees branches increment
was used equation by form y=ax(D2xH)®.

Tab. 3 Annual increment of shrubs in pine forests, % of first
years organs from aboveground mass (mean+SE).

Myrtillus

Species Lichen type type p-value?
Vaccinium myrtillus L 40416 (27)'  37+3 (25) 0.453
Vaccinium vitis-idaea L 44+5 (50) 30+3(20) 0.002
Vaccinium uliginosum L. - 25+3 (10)
Empetrum nigrum L - 1942 (10)

" in brackets — number of samples. 2 Differences between sites were
checked by ANOVA test
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idaea - 16%, for Ledum palustre - 10% (Kazimirov et al., 1977),
Sphagnum mosses - 32% (Laiho et al., 2011), green mosses -
22% (Goncharova and Sobachkin, 2014).

Carbon content of biomass and litterfall was taken
as 50% of separate components mass (Payne et al., 2019).
The aboveground net primary production was calculated
as sum of increment all aboveground tree organs (needle/
leaves, stem wood, stem bark, branches) and vegetation of
ground cover (shrubs, mosses, grass and lichens). The ratios
between aboveground net production, litterfall inflow, and
carbon stocks in the stand biomass were calculated using
the following equation [2], where R is the ratio between
the ANPP or Litterfall and C___ A is ANPP or Litterfall; C is
carbon stocks in the stand biomass.
R =2
Basic descriptive statistics (mean, maximum, and
minimum) were used to describe the experimental data.
The standard error of the estimate (SEE) was calculated for
biomass and increment equations. It is represents the main
distance that the observed values deviate from the regression
line. Normal distribution was tested using the Shapiro—
Wilk test. The homogeneity of variances was checked by
Bartlett test. In case normal distribution one-way ANOVA
was applied for sites differences testing. The Tukey HSD
test was used for multiple pairwise comparison of group.
In case the non-normal distributed nature of data set a
Kruskal-Wallis one-way analysis of variance was used to
test the significance of differences between sites and Dunn
test for post-hoc test following Kruskal-Wallis test. Statistical
analysis was performed at 95 % significant level. Statistical
processing of data was performed using the programs
Microsoft Excel 2010 and R statistical programming package
version 3.5.0 (R Core Team, 2018).

(2]

RESULTS
Carbon stocks in the biomass of pine forests

The results given in Fig. 2 show a wide variation in
carbon stocks of the biomass (C in Scots pine forests.

blomass)

80

b e

[o2]
o

]
o

Carbon stocks, Mg/ha
-y
o

/%

LA PL2 PM1 PM2 PS1

A higher mass was noted in the PL1 stand and a lower mass
in the Shagnosa type. The ANOVA showed that there are
significant differences in C,_  between the studied sites
(F=34.76, p=0.000).The pairwise comparison (21 couples) of
total biomass showed that there are no disparities between
carbon stocks in PM1 and PL2 (p=0.869), PM1 and PS3
(p=0.999), PM2 and PL1 (p=0.463), PM2 and PL2 (p=0.252).

Living trees are the main pool of C_ _, with a
proportion of 89-99%. The main fraction comprising more
than half (53-62%) of C,_ _ is the wood of tree stems,
whereas needles/leaves account for 3-5%, branches for
3-8%, stem bark for 4-8%, and roots for 18-22%. According
to Kruskal-Wallis test there were no significant differences
in the proportion of needles and branches in C
between the sites (p=0.264 and p=0.181, respectively).
However, share of stem wood, stem bark, roots and ground
vegetation were depended from site (p<0.05).

Aboveground net carbon production

The growth of aboveground organ biomass (ANPP)
in Scots pine forests varied from 1.29 to 2.91 Mg-C-ha™ per
year (Fig. 3). The Kruskal-Wallis test showed that total ANPP
differed between studied sites (p=0.000). Carbon tied up
in ANPP comprised 2-6% of its stocks in the aboveground
organs. A more intense accumulation of ANPP was noted
in middle-age PM1, while a less intense one was found for
young PS1. The contribution of individual fractions of the
biomass to ANPP varied widely and differed between Scots
pine stands (p=0.000). For instance, the share of needles
varied from 21 to 32%, that of stem wood from 26 to 53%,
that of stem bark from 2 to 9%, that of branches from 10 to
27%, and that of ground vegetation from 7 to 29%.

Carbon inflow with tree litterfall

A relatively high intensity of carbon inflow onto
the soil surface was observed in PLT and PM2 stands (Tab.
4), and a lower intensity was observed in the over-mature
PL2. The Kruskal-Wallis test showed significant differences
in total aboveground litterfall mass between studied Scots
pine forests (p=0.001). However Dunn test detected that

Fig.2 Carbon stocks in pine
forests biomass. In frame above
diagram is total carbon stock in
a pine forest biomass (mean +
standard error). Carbon stocks in
columns sharing the same letter
were not significantly different
from each other.

o

PS82 P83

#Needles/leaves mBranches 0Stem wood #Stem bark ©Roots @Ground vegetation
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Tab. 4 Litterfall production in Scots pine forests, kg C/ha per year.

PL1 (2014-2018)' PL2 (2011-2013) PM1 (1977-1982) PM2 (2011-2018) PS1(2007-2010) PS2 (1982-1985) PS3 (2008-2010)

Fraction
' Min-Max Min-Max Min-Max Min-Max Min-Max Min-Max Min-Max
Mean+SE Mean#+SE Mean+SE Mean+SE Mean+SE ean+S Mean+SE
(CV, %) (CV, %) (CV, %) (CV, %) (CV, %) (CV, %) (CV, %)
271-490 353 - 531 182-279 269-421
Pine needle 684116 644-715(5) 25015 232-279 (10) 35633 496+29 393-603 (16) 461+55 237+26 351+36
(23) 21 (20) (18)
Spruce needle5 . .
n.o’* n.o’* n.o n.o 2+1 1-5(55) 25+3 15-40 (33) 3+1 2-4(32) 1£1 0-4 (110) 112 8-15 (24)
PANOVA=0.000
Birch leaves 192 - 263
39+2 35-45 (12) n.o n.o 102+4  93-112(8) 97+6 77134 (14) 162  14-19(16) 226+22 29+2  24-33 (13)
PANOVA=0.000 (25)
Aspen leavess n.o n.o’ n.o n.o n.o n.o n.o n.o n.o n.o n.o n.o 6+2 2-10 (50)
Branches (total) 36-114
183+11  161-204 (12) 259 7-43 (64) 86+13 57-125 (45) 142+39 61-310(62) 67+24 151£40 88-242 (55) 41+7  26-57 (31)
P(KWT)=0.005 (62)
Pine bark
146423 93-194 (31) 4745 36-62 (20) 57+6  39-75(25) 123+8 88-169 (16) 63+7 51-74(18) 29+2 25-33(15) 634 57-71(10)
P(KWT)=0.002
Pine ones
5414 45-65(15)  35x19  11-87(95)  43x12  11-74(67) 85+22 10-180(58) 33x20 5-71(105) 4120 8-83(80) 49+18 15-92 (65)
P(KWT)=0.502
Rest5 57+7 38-71(29) 29+7 18-45 (43) 34+3  25-48(10) 56+6  35-83(25) 277 14-39(46) 29+5 18-38(33) 212  16-25(18)
Total4 523-744 700-1357 549 - 783 619-805 526-621
1163+31 1127-1203 (3) 386+27 304 -516 (12) 680+38 102455 +64

P(KWT)=0.001

@)

" In brackets is a period observation; 2 inter-annual mean *

standard error; 3> n.o — not observed; * Differences of total aboveground litterfall mass,

bark, branches and cones between sites were checked by Kruskal-Wallis test (KWT) due to data non-normal distribution. Differences of photosynthetic
organs litterfall (pine and spruce needles, birch leaves) between studied pine forests were tested by ANOVA; ° Testing of differences didn't performed or

performed only for stands where was detected fraction.

there are no discrepancies in couples PM2-PL1 (p=0.260),
PS1-PM2 (p=0.420), PS1-PM2 (p=0.077), PS3-PL2 (p=0.127),
PS3-PMT1 (p=0.334), PS3-PS1 (p=0.292).

More than half of the tree litterfall was formed
by pine needles, with the exception of pine forests PM2
and PS2. In general, the share of photosynthetic organs
represented by pine and spruce needles and birch and
aspen leaves varied from 60 to 72% and their mass
depend on forest type (ANOVA: F=17.4; p=0.000). The
Tukey HSD test showed that there are no differences in
mass between stands within the Sphagnosa type (p>0.05)
and between them and PM1 (p>0.05). Also disparities were
no in pairs PM2-PL1, PS3-PL2 and PS1-PM2 (total nine
pairs from 21). The contribution of the bark in the pine

forests varied within 4-13% (here and elsewhere in this
paragraph in brackets results of fraction’s mass differences
between sites using Kruskal-Wallis test: p=0.002), that of
branches from 6-21% (Kruskal-Wallis test: p=0.005), and
that of cones from 5-10% (Kruskal-Wallis test: p=0.502).
We didn't observed significant differences both litterfall
branches and bark in between stands PM2-PL1, PS1-PL2,
PS1-PM1, PS3-PL2, PS3-PS1. Also there were no disparities
between PS2-PL1, PS2-PM2, PL1-PL2 and PS3-PM1 in
branches litterfall and between stands PM2-PM1, PM2-PL1
and PS1-PM2 in bark litterfall. In the studied pine forests,
the mass of tree litterfall was 1.1-2.3 times less than that of
ANPP and comprised 1.0-2.3% of the carbon stocks in the
aboveground organs of the stands.
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Ratios between carbon stocks of the biomass, ANPP
and litterfall

Data of Tab. 5 show that the ANPP/Cstand ratio
varied from 0.018 to 0.056 with a relatively high ratio in PMT1,
while a low ratio was found for PL2. The smallest variation
between studied stands of this value was observed for pine
forests of Sphagnosa type and largest was for Myrtillus type.
The Tukey HSD test detected that there are no differences
of investigated ratio between Scots pine stands within the
types Lichen (p=0.998) and Sphagnosa (p>0.05). However
according to ANOVA studied pine forests contrasted
between each other (p=0.000).

The ratio between litterfall and Ostand varied widely
from 0.008 to 0.024 with comparatively high level in Scots
pine forests of Sphagnosa type (p=0.000). The little values
was detected in mature and overmature PS3 and PL2. In
general, carbon tying-up in ANPP was 1.12-3.65 times
higher than its inflow with litterfall. The highest values were
noted in PM1 with more intensive ANPP and PL2 and PS3
where were low fluxes with litterfall (p=0.000).

Tab. 5 Ratio between ANPP, litterfall production and above-
ground stand biomass in Scots pine forests.

Stand
Ratio  p-value'
PLT PL2 PM1 PM2 PS1 PS2 PS3
ANPE 0000 0,022 0.018 0.056 0.028 0.038 0.038 0.039
Cstand

Lgigfg/ <0.000 0.019 0.008 0.015 0.019 0.024 0.022 0.014

ANPP/
Litterfall
"The differences of ANPP/Cstand and Litterfall/Cstand between sites were

tested using ANOVA. The ANPP/Litterfall ratio was checked by Kruskal-Wallis
test due to non-normal distribution of initial data.

<0.000 112 225 365 150 156 170 2.88

DISCUSSION
Carbon stocks and ANPP

The comparison of obtained data with literature
showed that our results on carbon storage are near to
85-year-old Myrtillus type Scots pine stand in Karelia
(North-West of Russia) where biomass reach to 72.1 Mg-C
ha™ and variation is 72.1 - 159.6 Mg-C-ha™' (Sin’kevich et
al, 2009) with ground vegetation share 1.8-6.2 %. The
biomass of a 50-year-old Scots pine forest is 86 Mg C
ha™ in Southwestern Sweden and in 1.4 times higher than
studied stand PM1 that akin to it's of type and age. (Hanson
et al., 2013). The carbon mass in a 75-year-old Vaccinium
type pine forest in Southern Finland comprises 78 Mg-ha™
(Kolari et al., 2004), which is close to that of the PL1 stand
of a similar age, characterized by a fairly high density.
The authors provide data showing that the vegetation of
ground cover accounts for 1.5-4% of the total biomass. The
variation of carbon in the biomass of Jack pine forests in
Canada is 29-59 Mg ha™ (Bhatti and Jassal, 2014) that in 1.5

times lower than our studied pine stands of similar age and
forest type. As noted by A. Park (2015) carbon stocks in Jack
pine stands ranged from 38.8 to 59.6 Mg ha™ in age of 47—
48 years and from 58.5 to 63.7 Mg-ha™ in age 58-62 years
that comparable with our data for stands with close age.

Growing conditions have a direct effect on the mass
of carbon in ground vegetation. In the studied Sphagnosa
type pine forests on waterlogged soils, its contribution to the
total carbon stocks was higher both in relative (8-11%) and
absolute (3.6-5.1 Mg-ha™) values in comparison with Lichen
and Mytillus types pine forests where this contribution were
14-3.2 % and 4.2-6.5 %, respectively. The ANOVA showed
that type of forest (or growing conditions) is a significant
factor that determined ground vegetation input in total
biomass (p=0.017). Similar data on the relatively high share
of understory in the total biomass of low-productive forests
in Sweden are provided elsewhere (Nilsson and Wardle,
2005). Above we provided results of ground vegetation
proportion in some pine stands of Myrtillus and Lichen
types that comparable with our data for same forest types.

Biomass is a direct result of primary production
and site productivity (Keeling and Phillips, 2007). The
accumulation of ANPP and its constituent components
is influenced by a number of factors, including growing
conditions (forest type, soil properties), climate of the
territory, and stand characteristics (species composition,
age) (Song et al, 2018). Relatively high rates of ANPP
were observed in more productive Myrtillus type Scots
pine forests, while relatively low rates were found for
Sphagnosa type ones, especially for the tree layer. In the
Lichen and Muyrtillus types of pine forests, we noticed a
trend of decreasing net production with increasing stand
age. In mature PS3, net production is more intense than
in middle-aged PS2. This is probably due to a slow-down
in the rate of development of low-productive communities
under conditions of waterlogged soils (Chen et al., 2002).

As noted previously (Vanninen and Makela, 2000),
the distribution of increment by organs is determined
by the priority and necessity of woody plants in the
implementation of vital processes at different stages of
development. For instance, a high proportion of needles/
leaves in all Scots pine forests were associated with a
short life span and large litterfall of these organs, which
requires their regular renewal. The growth of branches
ensures mastering of inter-crown space at the conditions
of competition between trees for sunlight. In Sphagnosa
type stands with less basal area, we observed relatively high
inputs of branch increments, except for PS2. The significant
contribution of stem wood in old-age PL2 is due to the fact
that the trees of the stand have different ages, varying from
56 to 370 years, whereas the wood is mainly accumulated
by younger trees.

The authors of a previous study (Nilsson and
Wardle, 2005) show that in low-productive communities,
the contribution of ground vegetation to the total ANPP is
higher compared to more productive ones. Similar results
were observed in the studied low-productive pine forests
of the Sphagnosa type. We think that this is due to a
smaller sum of basal areas (by 1.1-2.1 times) and tree crown
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biomass (by 1.2-2.9 times) in these forests, providing more
favorable lighting conditions for plants of the lower layer
and leading to a relatively high biomass and ANPP value.
Similar conclusions about light transmission role were
reached by Ares et al. (2010) studying influence of thinning
on understory diversity of coniferous forests in Oregon
and Gonzales et al. (2013) that investigated contribution
of ground vegetation in total ecosystem biomass of pine
forests in France.

Carbon inflow from plant litterfall

Our data show that the carbon inflow from tree
litterfall is slightly less or comparable with that of pine forests
in Finland (Ukonmaanaho et al.,, 2008; Portillo-Estrada et al.,
2013) and is approximately equal to that of Jack pine forests of
Canada (Bhatti and Jassal, 2014). The authors of cited above
articles reported that due to short lifespan needles and
leaves has a dominant role in the total aboveground litterfall
of boreal forests. Similar tend we observed for studied Scots
pine stands on North-Eastern of European Plain. For these
fractions we found low and medium inter-annual variation.
For pine needles and birch leaves it was 5-23 and 8-25 %
respectively. High variation of spruce needles is explained by
minor part of spruce trees in pine forests.

As noted in (Bhatti and Jassal, 2014), most published
works on the structure of tree litterfall provide data only
on leaf litterfall, while the role of other organs (branches,
cones, bark etc.) that make a significant contribution is poorly
understood. In studied Scots pine forests this part varied from
28-40 % with significant input of branches. The pine bark has
the lowest (10-31 %) inter-annual variation between other
fractions. The litterfall of pine cones has a highest variation
(15-105 %) that explained by irregular cones forming.

The weather conditions (strong wind, mass of snow)
influences on branch litterfall in boreal forests (Portillo-
Estrada et al., 2013; Bhatti and Jassal, 2014). It is a reason
of intensive branch litterfall that we observed in winter.
We suggest that in addition to weather conditions, the
contribution of branches to litterfall can depend on stand
density. At windy conditions, the branches of both the same
tree and of neighboring trees come into contact more
often, which can increase the number of broken branches.
For instance, in the relatively dense stands PL1 (2,533 trees.
ha™), PM1 (1,730 trees.ha™), and PS2 (2,040 trees.ha™), the
proportion of branches in tree litterfall was 25, 15, and 17%,
respectively. This was especially evident in winter, when the
crowns experience an additional load in the form of snow.
In the less dense stands PS3 (1,210 trees.ha™) and PL2 (908
trees-ha™), branches accounted for 8 and 7% of the total
mass of litterfall, respectively. Similar findings were provided
by Lehtonen et al. (2004). According to their data, potential
branch litterfall was higher in relatively dense, young stands
with small stem diameters.

Besides weather conditions, an important factor
may be the stand age (Liu et al., 2019), which, in addition
to the total mass, determines the proportion of branches.
In the studied Scots pine forests, we observed both an
increase and a decrease in the mass of litterfall with the age
of the stand, but there was no increase in the proportion
of branches.

Ratios between carbon stocks of the biomass, ANPP
and litterfall

Currently, the methods for calculating carbon stocks
in the tree layer of forests (Cstand), which are also the long-
term carbon pool (Schepaschenko et al., 2018), are more
developed; therefore, it is necessary to make calculations
based on these data. As noted above age of stand and soil
conditions that determined forest type are leading factors
that influenced on carbon fluxes in forest ecosystems.
Relatively close values ANPP/Cstand ratios we observed
for Scots pine forests of Sphagnosa type which practically
didn’t change with age. Comparatively small ANPP/Cstand
ratio was calculated for Lichen type that was in 1.9 times
lower than in Sphagnosa type and in 1.6-2.5 times than in
Myrtillus type. The highest ANPP/Cstand ratio was observed
for middle-aged PM1 that characterized by intensive net
primary production on this stage of development. The rate
of ANPP decreased on 1.6 times with stand maturing that
declined ANPP/Cstand correlation in PM2 in 2.0 times. The
similar tends ANPP and ANPP/Cstand ratio we observed
in Scots pine stands of Lichen type however intensity was
lower. This tendency is due to lower biomass and high
primary production rate on the early stages of pine stands
development. As presented Kolari et al. (2004) for Southern
Finland carbon stocks in biomass of 75-year-old Scots pine
stands isin 20.9 and 1.3 times higher than in 12-year-old and
40-year-old pine stands respectively. However its intensity
of CO, uptake is comparable with 12-year-old stand and
lowers in 1.1 times than in 40 year-old pine stands. As
noted Bhatti and Jassal (2014) in site Thompson (Canada)
biomass of 98-year-old Jack pine stand is higher on 10 %
than 76-year-old stand but NPP rate in more young forest
is slightly intensive.

The ratio Litterfall/Cstand varied widely and minimal
value was less in three times than maximal. Relatively high
Litterfall/Cstand ratio has pine forests of Sphagnosa type
that explained by small stand biomass and comparable
flux of litterfall with other studied pine stands. By contrast
for Lichen types we observed comparatively low value of
Litterfall/Cstand ratio due to large carbon stocks in trees
and less litterfal. In pine forests Sphagnosa and Lichen types
we detected decreasing this rate with stand age increasing
in 1.7 and 2.4 times respectively whereas in Myrtillus type
was inverse process.

Thus increasing carbon stocks in tree biomass with
stand development negatively influenced both on ANPP/
Cstand and Litterfall/Cstand ratios. This data fits into the
general laws of the formation of stands in boreal zone when
the intensity of ANPP and litterfall declines with an age
increasing (Kazimirov et al., 1977; Chen et al., 2002; Zha et
al., 2013; Payne et al., 2019). On investigated ratios there is a
positive influence of site conditions. The lowest mean ratios
of ANPP/Cstand and Litterfall/Cstand we observed for
Lichen type that developed on the poorest sandy soils with
soil moisture deficit. The maximal mean value ANPP/Cstand
and Litterfall/Cstand ratios were detected for Myrtillus and
Sphagnosa types respectively.

In next paragraph we will discuss investigated ratios
in comparably with boreal pine forests of some regions that
we calculated using literature data. This sources contained
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data about carbon stocks in biomass and carbon fluxes in
ANPP and litterfall for self-same sites. Our data are slightly
higher than the ANPP/Ostand ratio calculated on data
presented by Bhatti and Jassal (2014) for Canadian Jack
pine forests, which varies from 0.013 to 0.022, but they
are comparable to Litterfall/Cstand (variation from 0.010
to 0.018). In the Myrtillus and Vaccinium types Scots pine
forests in Karelia, the ANPP/C,.__ratio varies from 0.018 to
0.062, while the Litterfall/C,  varies from 0.018 to 0.036
(Sin’kevich et al., 2009). For Scots pine forests in Southern
Sweden, the Litterfall/Cstand ratio was 0.023 (Hanson et al.,
2013), while in Finland, it was 0.020 (Ukonmaanaho et al,,
2008). These literature data show that the analyzed ratios
vary within a fairly close range and can therefore be used
for assessing carbon fluxes in large regions using remote
data collection of forest biomass.

CONCLUSION

Our study provides data about carbon stocks in
biomass and fluxes with ANPP and litterfall in Scots pine
forests of different types in Komi Republic (North-East of
European part Russia). Total carbon stocks varied from 38.5
to 75.1 Mg.ha with relatively low storages in pine forests
of Sphagnosa type. We found that trees concentrate the
most carbon of biomass and the main carbon pool is a stem
wood that share rich into 57-62 %. We detected that ground
vegetation had high both values absolute (3.6 — 5.1 Mg-ha™)
and relative (8-11 %) in Scots pine stands on overwetted
soils compared with forests of Myrtillus and Lichen types.
The ANPP accounted for 2-5% of the carbon stock in the
biomass. Despite the small biomass, needles and branches
had a large share in ANPP what is needed for the renewal
of organs with a short life span and the occupying of the
surrounding space. The role of ground vegetation in the
aboveground net production was significant, which is
7-29% with higher values in stands on waterlogged soils.
The binding of carbon in the process of above-ground net
production exceeded its losses with litterfall in 1.12-3.65
times. The highest rate of litterfall observed in maturing
pine forests of Myrtillus and Lichen type. Needles and leaves
formed 62-72 % of annual litterfall. Using obtained data we
calculated ratio between ANPP and Cstand that varied from
0.018 to 0.056. Ratio between Litterfal and Cstand was lower
and ranged from 0.008 to 0.024. We found that all studied
components of carbon cycle depend on forest types.
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