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Abstract. Most woodlands of the Northern Eurasia are represented by bilberry-green moss spruce-fir forests.
At the same time, a tall herb type of spruce-fir forests that occupies a much smaller area was identified and de-
scribed. The objective of this work is to evaluate and compare the species richness and productivity of the ground
vegetation of tall herb spruce-fir (unique) and bilberry-green moss spruce-fir (typical) forests of the Northern
Urals. Based on previous studies, two forest types were selected in the foothill part of the Pechora-llych nature re-
serve with tall herb and bilberry-green moss ground vegetation, where total mapping, determination of microsite
area and geobotanical descriptions had been carried out previously. Material for determination of the above-
ground and below-ground phytomass and chemical composition of plant species was collected in 2017-2018.
The concentrations of C and N in plant samples were measured on the elemental analyzer, and Mg, Al, P, S, Cl, K,
Ca, Fe, and Zn content was found using the method of measuring mass fraction of the element in powder samples
by X-ray fluorescence analysis. It was found out that the total phytomass of vascular plants in the ground vegeta-
tion of tall herb forests is 5 times higher than that of bilberry-green moss forests. The phytomass of mosses, on
the contrary, is 4.4 times lower in tall herb forests in comparison with bilberry-green moss forests. Examination of
ecological-coenotic groups of plants in terms of the content of chemical elements taking phytomass in considera-
tion shows that the greatest contribution to the accumulation of macro- and microelements in the tall herb
spruce-fir forest is made by the plants from tall herbs, boreal dwarf shrubs and boreal small herbs groups; in the
bilberry-green moss spruce-fir forest, the main role is played by mosses and boreal dwarf shrubs. To assess the
content of biogenic elements in the ground vegetation a differentiated approach was suggested, which included
accounting for above-ground and below-ground phytomass by ecological-coenotic groups of plants within differ-
ent types of microsites.
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crosites, above-ground phytomass, below-ground phytomass, ecological-coenotic groups of plants, macroele-
ments, microelements, ground vegetation.
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AHHOTaumA. bo/blas YacTb necHbIX MaccmBoB CeBepHOW EBpasuun npeacTaB/sieHa Y€pPHUYHO-3€/1@HOMOLLIHbIMU
MUXTO-e/IbHUKaMU. B TO e BpemsA Bblge/sIeH 1 OMMUCaH BbICOKOTPABHbIM TUM MUXTO-€/1bHUKOB, KOTOPbIN 3aHUMaeT
3HauuTe/IbHO MeHbluMe naowaaun. Lleab gaHHon paboTbl: OLEHUTb M COMOCTaBUTb BUAOBOE HOraTcTBO U MPOAYK-
TUBHOCTb HAMOYBEHHOrO MOKPOBA BbICOKOTPABHbIX MUXTO-€/1bHUKOB (YHUKA/IbHbIX) M YEPHUYHO-3€/18HOMOLLHBIX
MUXTO-€/1bHUKOB (TUNM4YHbIX) CeBepHOro Ypasa. Ha ocHOBe npeALecTBYHOLWMX UCC/1e40BaHUiA Bbln BbIGpaHbI 4Ba
TUMa /1eca B NpearopHon YacTu Mevyopo-UbliCcKOro 3anoBegHMKa C BbICOKOTPaBHbIM M YePHUYHO-3€/1eHOMOLLIHbBIM
HarnoYBEHHbIM NMOKPOBOM, FAe paHee Obl10 NPOoBeAEeHO Cr/IOWHOE KapTUPOBaHUe, Oorpese/ieHne n/0Wwasam MUKpo-
canToB 1 reoboTaHmyeckune onmcaHua. Cbop matepuana aaa onpeseneHna Hag3eMHON U Nog3eMHON GUTOMacChl 1
XMMMYECKOro CoCTaBa BMAOB HaroyBEeHHOro NOKPOBa Obl/1 NpoBeseH B 2017-2018 rr. B obpasuax pacTeHuit nsme-
pAanun KoHueHTpauuio C, N Ha 3/1eMeHTHOM aHa/un3aTope 1 cogepanne Mg, Al, P, S, Cl, K, Ca, Fe n Zn no metoauke
M3MepeHnA MacCOBOWM A0/IM 3/1eMEeHTa B MOPOLLKOBbIX NMpobax MeToA0M peHTreHo-p/yopecueHTHOro aHasiusa.
YCTaHOB/AEHO, YTO CyMMapHaa ¢pUTOMacca COCyAUCTbIX PAaCTEHUIA HAaMOYBEHHOrO NMOKPOBA BbICOKOTPABHbIX /1€COB B
5 pas Bbille, YeM YEPHUYHO-3€/1IeHOMOLLIHbIX. PUTOMACCA MXOB, HAMPOTUB, B BbICOKOTPABHbIX /1€CaX B 4.4 pa3a HUXe
B CpPaBHEHWM C YEPHUYHO-3€/1eHOMOLLHbIMU. MccnegoBaHue 3KO/M0r0-LeHOTUYECKMX FPYNN PacTeHU Mo CoaepKa-
HUIO XMMWYECKMX 3/1IEMEHTOB C y4eTOM PUTOMACChI MOKa3blBAET, YTO HaMBO/bLLMIA BK/IA4 B HAKOMN/IEHWE MaKpo- U
MWKPO3/1€MEHTOB B BbICOKOTPABHOM MUXTO-€/IbHUKE BHOCAT PacTeHUA, OTHOCALLMECA K rpynnamMm BblICOKOTPaBbA,
©opeasbHbIX KyCTapHUYKOB M 6OpeasibHOro Me/KOTPaBbA; B YEPHUYHO-3€/1€HOMOLUHOM MUXTO-€/1bHUKE — MXU U
HbopeasbHble KycTapHUYKM. MpeasioxkeH anddepeHLMpPOBaHHBIN NMOAXOM, A/15 OLEHKM COAepKaHWUA OMOreHHbIX d/1e-
MEHTOB B Harno4BeHHOM TMOKpPOBe, BK/OYAOWMIA ydYeT HaA3eMHOW M Mnog3eMHOM (GUTOMAcChl MO 3KO/0ro-
LLeHOTUYECKUM FPYNnnamM pacTeHU B Npegeax MUKPOCAaMTOB PasHbIX TUMOB.

KntoueBble cn0Ba: 6opeasbHble eca, buopasHoobpasune, BbICOKOTPaBHbIE MUXTO-€/1bHUKU, YEPHUYHO-3€/1eHO-
MOLLHbIE MUXTO-€/1bHUKM, MUKPOCANTbl, Hag3emHaa duTomMacca, nogsemHas GpuUTomacca, IKON0ro-LLeHOTUYEeCKHe
FPynMbl pacTeHW, MaKpO3/1eMEHTbl, MMKPO3/1EMEHTbI, }KUBOM HanO4YBEHHbI MOKPOB.

BaazodapHocmu. PaboTa BbinosiHeHa no teme 3 L3M/1 PAH "MeToguyeckue noaxogbl K OLleHKe CTPYKTYPHOM opraHmusauum u GyHKLMOHK-

POBaHUA /IeCHbIX 3KOCUCTEM' HOMEp rocygapcTBeHHoM pernctpauyum AAAA-A18-118052590019-71 Npu GUHAHCOBOI NoaAepIKKe npoekTa PODU
(19-04-00-609 A).

Currently, it is evident that the modern forest
cover of the Earth is essential in maintaining the
stability of climate and hydrological regime.
Therefore, special importance is attached to large
woodlands including dark coniferous forests of
Northern Eurasia which many authors considered
natural formations [1, 2]. However, generalization
of progressively increasing paleodata shows that
modern forests of the Northern Eurasia resulted
from almost complete destruction by the primitive
man of the key species of prehistoric forests in the
Pleistocene-Holocene, i.e. giant herbivores of the
mammoth complex which determined the species
composition, structure, productivity and climate-

regulating functions of the biota of this territory
[3—6]. This has led to fundamental changes in the
structural and functional organization of currently
existing forests. In the late Pleistocene and during
the Holocene, the remaining fragments of forests
degraded in most of the analyzed territory; logging,
clearing, burning and other human impacts led to a
significant decrease in the species composition and
population of trees, further reduction in the number
and species diversity of terrestrial vertebrates and
invertebrates, degradation of soil biota and cata-
strophic depletion of soil [7, 8].

These significant forest transformations demon-
strated the need not only for conservation, but also
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for restoration of forests which is a condition for
the implementation of ecosystem functions of the
biosphere [9]. In this regard, special attention was
drawn to the not yet completely degraded fragments
of forests that were preserved in refugia. Studying
vegetation and soil cover of taiga forests in nature
reserves, reserves and other refugia allowed identi-
fying and describing a unique type of forest com-
munities of Northern Eurasia, i.e. tall herb spruce-fir
forests — Piceeto-Abieta magnoherbosa [10] and
mapping their current distribution [11].

To date, tall herb spruce-fir forests have been
found and described on a vast territory: from the
northern limits of the forest belt (Yamal Peninsula) to
southern taiga (Middle Urals) [12—14]. Their species
diversity and the ability to exist in a harsh climate
preserving nevertheless the nemoral-boreal nature of
the flora and, in particular, the presence of early
spring ephemeroids that currently mark the zone of
broad-leaved forests, confirms the significance of re-
search of tall herb forests for the reconstruction of the
prehistoric appearance of the Eurasian taiga.

Objective: to evaluate and compare the produc-
tivity and content of macro- and microelements in
the phytomass of the ground vegetation of tall herb
spruce-fir forests (Piceeto-Abieta magnoherbosa)
and bilberry-green moss spruce-fir forests (Picee-
to-Abieta hylocomiosa) of the Northern Urals.

Tasks:

1. To evaluate the above-ground and below-
ground phytomass of ground vegetation species of
tall herb and bilberry-green moss spruce-fir forests.

2. To compare the role of microsites in provid-
ing macro- and microelements for two contrasting
forest types.

Vol. 5 (2), 2020

3. To compare the role of ecological-coenotic
groups of plants in providing macro- and micro-
elements for two contrasting types of forests.

Materials and methods

To solve these tasks, on the basis of the previ-
ous studies of the taiga forest [7, 8, 11-16] we se-
lected foothill forests of the Pechora-Ilych nature
reserve located in Bolsheporozhny phytogeograph-
ical area, in the lower part of the Bolshaya Porozh-
nyaya river basin: 62—63° N 58-59° E, 250400 m
above sea level. The climate of this part of the re-
serve is moderate continental. The average annual
air temperature is —0.4 °C, the active temperatures
sum above +5 °C is 1,600-1,800 °C. The vegeta-
tion period lasts for 140-150 days, and the period
of active vegetation growth lasts for 90-100 days.
The average sum of annual precipitation is 627 mm,
the average long-term annual precipitation is 600
to 800 mm in the plains [17], and 800 to 1,100 mm
in the mountains [18].

Material for determining the phytomass and
chemical composition of ground vegetation species
was collected in 2017-2018 in 2 contrasting forest
types of the Pechora-Ilych reserve where total
mapping, determination of the area of microsites
and geobotanical descriptions had been carried out
previously [11, 15, 16, 19, 20]:

1. In the tall herb spruce-fir forest on brown
soils (Piceeto-Abieta magnoherbosa) — a unique
type of forest identified and described on the terri-
tory of the Pechora-Ilych reserve (Fig. 1,4);

2. In the bilberry-green moss spruce-fir forest
on podzols (Piceeto-Abieta hylocomiosa) which is
the dominant type of forest in the taiga zone of
Northern Eurasia (Fig. 1,B).

Fig. 1. Tall herb spruce-fir (A) and bilberry-green moss spruce-fir (B) forest of the Pechora-llych reserve
(photo by A. A. Aleinikov)

In the studied forests typical microsites were se-
lected, which depending on the nature of the death
of a tree (break or fall) form treefall soil complex
(consisting of a pit, a mound, and a fallen log) or a

windbreak complex that includes a fallen log and a
broken stump [8] as well as levelled regions of un-
der-crown and inter-crown areas and near-trunk
swellings. Plots 50x50 cm in size — "monoliths" —
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(o
were laid in three-fold replication in each micro-
site. Their depth corresponded to the thickness of
the root layer. Living plants of all herb, dwarf
shrub, and moss species were selected from each
monolith to determine their species and ecological-
coenotic groups [21]. In vascular plants, above-
ground and below-ground organs were separated
for drying; mosses were dried completely; the
mass was determined when absolutely dry.

To measure the concentration of C and N in
plant samples gas chromatography was applied us-
ing the EA 1110 (CHNS-O) element analyzer,
whereas Mg, Al, P, S, Cl, K, Ca, Fe, and Zn con-
tent was determined using the SPECTROSCAN
MAX-GV X-ray spectrometer and the method of
measuring the mass fraction of the element in
powder samples by X-ray fluorescence analysis.
The findings for each defined element obtained for
samples in two replications were averaged up to
arithmetic mean.

Based on the ecological-coenotic classification,
the following groups of vascular plants were iden-
tified: Hh — boreal tall herbs, br-dw — boreal dwarf
shrubs; br-h — boreal small herbs, H-fern — tall
ferns; md — meadow herbs, Nm — nemoral tall
herbs, Nt-h — nitrophilic tall herbs, br-fern — boreal
ferns, olg — oligotrophic herbs [21].

Results and discussion

6 types of microsites were identified in the tall
herb spruce-fir forest (Piceeto-Abieta mag-
noherbosa): 1. under-crown areas — spaces deter-
mined by the dimensions of the tree crown projec-
tion; 2. inter-crown areas — spaces containing no
adult trees and mostly occupied by herbs and dwarf
shrubs; 3. near-trunk swellings — parts of large ad-
ventitious roots at the trunk base of well-developed
mature trees and hollows between them filled with
decaying litter which make favourable habitats for

Vol. 5 (2), 2020

boreal small herbs; 4. mounds and 5. pits are ele-
ments of the tree-fall mosaic resulting from the
death of large trees of good vitality with a fully de-
veloped root system. The height of a mound
(a lump of soil brought to the surface by a power-
ful root system) in tall herb spruce-fir forests can
reach one meter or more, and the depth of a pit is
approximately the same.

Only 3 types of microsites were identified in
the bilberry-green moss spruce-fir forest (Piceeto-
Abieta hylocomiosa): under-crown areas, inter-
crown areas and fallen logs. There are no "tree-fall
mosaic" elements, i.e. mounds and pits, in this type
of forest. The reasons for the lack of differences in
the sets of microsites of both forest types are due to
different levels of vitality of spruce and fir trees in
the Piceeto-Abieta magnoherbosa and Piceeto-
Abieta hylocomiosa communities. In bilberry-
green moss forests, the size of trees of both species
and the power of the root system is much smaller
than those in tall herb spruce-fir forests; their root
system is superficial. Therefore, the death of trees
does not cause uprooting and bringing a large soil
mound to the surface, and no clearly defined
mound or pit is formed. Only a fallen log, i.e. a
fallen tree trunk, is clearly seen. The absence of
well-defined mounds and pits in the bilberry-green
moss spruce-fur forests is the evidence of the pre-
dominance of low-vitality individuals with poorly
developed root systems and small tree trunks in the
population [20].

The area in two types of forest (over 50 % of
the studied communities) is mainly occupied by
under-crown and inter-crown areas. The shares of
these microsites in tall herb spruce-fir forests are
nearly the same, while in bilberry-green moss ones
the share of under-crown areas significantly ex-
ceeds that of inter-crown areas (Table 1) indicating
much lower possibilities of using photosynthetical-
ly active radiation by the ground vegetation.

Table 1

The ratio of microsite areas, species density (m+SE) and the ratio of phytomass of ecological-coenotic
groups of plants (ECGs) in the ground vegetation of two types of spruce-fir forests

Forest type
Tall herb spruce-fir forest Bilberry-green moss spruce-fir forest
Average Average . *
Microsites number Ratio of ECGs’ number Ratio of ECGs
o Area share, and mosses
Area share, % | of vascular and mosses o of vascular b
. o () . y phytomass,
plant species | by phytomass, % plant species %
per 0.25 m’ per 0.25 m’ °
1 2 3 4 5 6 7
Under- 44 .4 13.0£3.0 Hh (76 %), 54.7 7.242.9 br-dw (50 %),
crown areas br-h (9 %), mosses (40 %),
br-dw (7 %), br-h (9 %),
Nm (6 %), olg (1 %)
mosses (0.7 %),
md (1.3 %),
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Enf of Table 1

1

3

4 5 6 7

Inter-crown
areas

40.8

13.1+4.0

Hh (87 %), 34.6 4.7+0.9 br-dw (59 %),
br-dw (4.6 %), mosses (39 %),
br-h (2 %), olg (1,2 %),
Nm (2 %), br-h (0,8 %)
mosses (1.6 %),
br-fern (1.6 %),
md (0.6 %),
Nt-h (0.6 %)

Near-trunk
swellings

8.4

8.3x1.5

br-dw (34 %), 0 0 0
br-h (31 %),
mosses (17 %),
Hh (12 %),
br-fern (4.5 %),
Nm (1.5 %)

Mound

1.6

11.0+4.0

Hh (47 %), 0 0 0
mosses (25 %),
br-dw (11 %),
br-h (8.5 %),
H-fern (4 %),
Nm (3 %),
Nt-h (1.5 %)

Pit

1.6

10.04£3.5

Hh (41 %), 0 0 0
Nm (18.5 %),
H-fern (13 %),
br-dw (9 %),
br-h (9 %),
mosses (8 %),
br-fern (1.4 %)
Nt-h (0.1 %)

Fallen logs

32

7.0£5.0

Hh (46 %), 10.7 4.0£1.0
mosses (23 %),
br-dw (14.9 %),
br-h (8 %),
br-fern (5 %),
Nm (3 %),

Nt-h (0.1 %)

mosses (62 %),
br-dw (35 %),
br-h (2 %),
Nm (0,1 %)

* See the legend for ecological-coenotic groups in the Materials and methods section

The total vascular plant phytomass of the
ground vegetation of tall herb forests is 5 times
higher than that of bilberry-green moss forests; on
the contrary, phytomass of mosses of tall herb for-
ests is 4.4 times lower than that of bilberry-green
moss forests (Table 2, 3). In the tall herb spruce-fir
forest, maximum phytomass of vascular plants was
found in inter-crown areas where the proportion of

tall herbs is high, while in the bilberry-green moss
spruce-fir forest maximum phytomass was found
in under-crown areas (mosses accounting for 30 %
of the phytomass here). Mosses in the tall herb
spruce-fir forest are concentrated mainly in the in-
ter-crown areas and on fallen logs, whereas in the
bilberry-green moss spruce-fir forests — in the un-
der-crown areas (see Table 2, 3).

Table 2

Phytomass of ground vegetation in different microsites of the tall herb (Hh) spruce-fir forest

Types Phytomass of vascular plants, kg-ha™ Phytomass
of microsites above-ground below-ground total of mosses, kg-ha™!

Mound 4.14+0.5 6.16+0.3 10.30+0.8 0.13£0.02
Fallen logs 25.09+4.8 26.88+6.9 51.97+4.6 58.30+9.1
Under-crown area 424.50+64.6 353.76+£20.4 778.26+32.7 9.42+1.2
Inter-crown area 1485.51£17.8 2779.01+£38.7 4264.52+54.8 80.50+4.3
Near-trunk swellings 1.82+1.3 17.54+0.4 19.36+0.9 0.40+0.08
Pit 0.54+0.16 11.2745.5 11.81+4.1 0.48+0.05
Total 1941.60+36.7 394.62+29.1 5136.22+66.5 149.23+4.2
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Table 3

Phytomass of ground vegetation in different microsites
of the bilberry-green moss (Bm) spruce-fir forest

Microsite Phytomass of vascular plants, kg-ha™ Phytomass of mosses,
above-ground below-ground Total kg-ha
Fallen logs 67.12+4.2 27.97+8.3 95.09+9.2 107.41+18.8
Under-crown area 617.26+39.5 127.25+14.6 744.51+£25.4 384.25+19.8
Inter-crown area 155.98+11.5 29.55+8.9 185.53+18.1 159.27+13.9
Total 840.36+48.6 184.77+21.3 1025.13+45.6 650.93+33.8

The below-ground phytomass in the tall herb
spruce-fir forest was significantly higher than the
above-ground one (with the difference of over
1,200 kg-ha '), whereas, on the contrary, the above-
ground phytomass in the bilberry-green moss spruce-
fir forest significantly exceeded the below-ground
one (the difference is 650 kg-ha') (see Table 2, 3;

4500
4000
3500
3000
2500
2000
1500
1000
300
0

Phytomass, kg*hal

Fig. 2), which is likely due to fundamental differ-
ences in soil conditions: tall herb forests are located
on the richest soils (forest brown soils), while parts of
bilberry-green moss forests — on much poorer soils
(podzols) [22] and in tall herb forests, species with
large underground organs (peony, aconite) make a
big contribution to the phytomass.

B above-ground
underground

MoOsSses

I
=

BGM

Tvpe of forest

Fig. 2. The above-ground, and the below-ground phytomass of vascular plants and total phytomass of mosses
in tall herb (Hh) and bilberry-green moss (Bm) spruce-fir forests of the Pechora-llych reserve

Significant differences in the phytomass of
ground vegetation in different types of forest and the
significance of the contribution of microsites and
ecological-coenotic groups of plants to the total phy-
tomass of the ground vegetation were also demon-
strated in previous studies of dark coniferous forests
of the Pechora-Ilych reserve [11, 15, 16]. The crucial
role of under-crown and inter-crown areas in provid-
ing the total phytomass of vascular plants of the
ground vegetation (96 %) was demonstrated on the
example of tall herb spruce-fir forests, which is due
to the small area of other microsites, i. e. fallen logs,
pits, mounds and near-trunk swellings. A low propor-
tion of mosses in the total phytomass of the ground
vegetation of tall herb forests was also revealed [16].
Our measurements have shown that the concentration
of vascular plant phytomass in the under-crown and
inter-crown areas reaches 98 % in the tall herb
spruce-fir forest (see Table 2), and 90 % in the bilber-
ry-green moss spruce-fir forest. However, the role of
other microsites, especially fallen logs, is significant
for the moss cover phytomass: in the tall herb spruce-
fir forest, fallen logs account for 40 % of the total
moss phytomass of the entire forest type, and in the

bilberry-green moss forest — for 16 %. This highlights
the essential coenotic role of all elements of the
mound-and-pit topography in the formation of the
ground vegetation phytomass [11].

The study of the content of chemical elements
with the consideration of the area of microsites
shows that the greatest contribution to the accumu-
lation of macro- and microelements is made by un-
der-crown and inter-crown areas (Fig. 3). The role
of under-crown and inter-crown areas in the accu-
mulation of C, N, K, Ca, Al, S, and P is approxi-
mately the same in two types of forest, but taking
into account the reserves of phytomass, the content
of these chemical elements in tall herb spruce-fir
forests is 3-10 times higher than in bilberry-green
moss forests. In both forest types, under-crown ar-
eas contribute more to the accumulation of Al, Fe,
Mg, Mn, and Cr; whereas inter-crown areas — to
the accumulation of Cl, Sr, and Rb. Having said
that, despite the significant high differences in the
phytomass of tall herb and bilberry-green moss
spruce-fir forests, the contents of Sr turned out to
be 10 times higher, and of Rb — 18 times higher in
the bilberry-green moss forest as compared to the
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tall herb forest. The greatest contribution to the
content of Rb is made by Avenella flexuosa, of Sr —
by Avenella flexuosa, Orthilia secunda, Dicranum
majus, and Polytrichum commune, which grow in
the bilberry-green moss forest mostly in inter-
crown areas and enjoy higher phytomass in the bil-
berry-green moss spruce-fir forest than in the tall
herb spruce-fir forest. Fallen logs, pits, and
mounds also contribute to the accumulation of C,
N, K, Ca, Al, S, P, Fe, Ni, and Zn in two types of
forest; however, the contribution of these micro-
sites is about 6 times less than that of under-crown
and inter-crown areas due to their smaller area.

The study of ecological-coenotic groups of
plants regarding the content of chemical elements
with the consideration of phytomass shows that the
greatest contribution to the accumulation of macro-
and microelements in the tall herb spruce-fir forest
is made by the plants of nitrophilic tall herbs,
nemoral tall herbs, boreal dwarf shrubs and boreal
small herbs groups (Fig. 4). The groups of tall herb
species contributed most to the content of C, N, K,
Ca, Al, S, P, Cl, Zn, Ni, Fe, Mn and Cr, i.e. all the
studied macro- and microelements except Sr and Ru.

The group of boreal dwarf shrubs in comparison
with other ECGs differs significantly due to the high
content of Mg, Fe, Mn, and Cr. In the bilberry-green
moss spruce-fir forest, the largest contribution to the
content of the studied macro- and microelements is
made by plants of the oligotrophic group of species
and boreal small herbs (see Fig. 4).

The comparison of the elements content in the
above-ground and below-ground phytomass of vas-
cular plants shows that in both forest types the
above-ground parts of plants contain much more C,
N, Ca, K, Mg, P, Ni, and Mn, whereas the below-
ground parts enjoy higher Fe content. The content of
Al does not differ in the above- and below-ground
parts of plants in the two types of forest. The con-
tent of Cr, Cl and S in the tall herb spruce-fir forest
is higher in below-ground than in above-ground
phytomass, while in the bilberry-green moss forest,
on the contrary, the content of these elements is
higher in the above-ground parts of plants than in
the below-ground ones. Zn content does not differ
significantly between the above-ground and the
below-ground plant parts in the tall herb spruce-
fir forest, whereas in bilberry-green moss forest
Zn content is significantly higher in the above-
ground part in comparison with the below-ground
part (Fig. 5).

Studies of forest ecosystem productivity esti-
mate carbon and nitrogen stock as the most im-
portant elements of the global cycle in the first
place [23-26]. According to the literature data, in
the green moss spruce forests of the middle taiga
(the Komi Republic), the carbon content in the

Vol. 5 (2), 2020

above-ground part of the ground vegetation is
about 800 kgha', with mosses accounting for
70 % of the carbon content [27]. In our research,
the carbon content in the above-ground part of the
bilberry-green moss spruce-fir forest plants is
about 450 kg-ha’l, while mosses account for no
more than 25 % of the carbon content, and boreal
dwarf shrubs and boreal small herbs account for
more than 70 %. In the tall herb spruce-fir forest,
the carbon content in the above-ground part is
1,500 kg-ha’l, mosses account for 15 %, and plants
of the tall herb group — for over 60 %.

It is known that the productivity of modern bo-
real forests is largely limited by the nitrogen con-
tent [28]. Our research shows that the nitrogen
stock in the ground vegetation of the tall herb
spruce-fir forest are more than 4 times higher
(80 kg-ha™) than in the bilberry-green moss spruce-
fir forest (18 kgha™) (see Fig. 3-5). In tall herb
forests, the main contribution to nitrogen accumu-
lation is made by species of nitrophilic tall herbs,
nemoral tall herbs, boreal dwarf shrubs and boreal
small herbs groups; in bilberry-green moss forests —
by boreal small herbs group.

In dark coniferous forests, the role of ground
vegetation in bringing nitrogen and mineral ele-
ments back into the soil is significantly higher
than in mixed and deciduous forests, since conif-
erous species return only a small part (as com-
pared to deciduous plants) of nutrients involved
in the biological cycle to soil with annual litter,
and ground vegetation litter is the major source
of mineral nutrients for the soil [29]. Therefore,
the contribution of plants of the tall herb group,
which dominate in terms of phytomass, deter-
mines the unique productivity of this type of tai-
ga forests in comparison with typical bilberry-
green moss forests. Significantly high reserves
of macro- and most of the microelements in the
ground vegetation of tall herb spruce-fir forests
in comparison with bilberry-green moss forests
cause the differences in soil fertility and the con-
tent of mineral nutrition elements in the soil of
these forests [22], soil invertebrates [30, 31], and
in microbial biomass [32]. High content of car-
bon, calcium and magnesium in the phytomass
of the ground vegetation, particularly, of the
group of tall herbs causes significant differences
in the biomass of soil saprophages, especially
earthworms [31], the active functioning of which
requires a sufficient content of carbon and diva-
lent cations of calcium and magnesium in the
soil, which reduce the acidity of the soil solu-
tion.
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Conclusion and microelements in the tall herb spruce-fir forest

is made by the plants of nitrophilic tall herbs,

In the tall herb spruce-fir forest — a unique type nemoral tall herbs, boreal dwarf shrubs and boreal

of dark coniferous forests — the maximum phyto- small herbs groups, and by mosses and boreal
mass of vascular plants is found in inter-crown ar- dwarf shrubs in the bilberry-green moss spruce-fir
cas where the proportion of tall herbs is high forest. The comparison of the elements content

of the above-ground and below-ground phytomass
of vascular plants shows that in both forest types,
the content of C, N, Ca, K, Mg, P, Ni, and Mn
was significantly higher in the above-ground parts
of plants, but Fe content was higher in below-
ground parts.

The suggested differentiated approach to the as-
sessment of the content of biogenic elements in the
ground vegetation including the contribution of the
above-ground and the below-ground plants phyto-
mass, the composition of the ecological-coenotic
groups and microsite arrangement of forests makes
it possible to assess the current productivity of for-
est communities. The data obtained previously and
new results are necessary for evaluating the
productivity of forest ecosystems with an analysis
of the role of the most well-preserved forest types
including tall herb spruce-fir forests.

(89 %), while in the dominant type of dark conif-
erous forests — bilberry-green moss forest, the
maximum phytomass of ground vegetation is con-
centrated in under-crown areas where mosses ac-
count for 50 % of the phytomass and boreal dwarf
shrubs — for 40 %. The total phytomass of vascular
plants in the ground vegetation of tall herb forests is
5 times higher than that of bilberry-green-moss for-
ests. The phytomass of mosses of tall herb forests is
4.4 times lower in comparison with bilberry-green
moss forests. Mosses of the tall herb spruce-fir for-
est are concentrated mainly in inter-crown areas and
on fallen logs, whereas in the bilberry-green moss
spruce-fir forest — in the under-crown areas.

The study of ecological-coenotic groups of
plants regarding the content of chemical elements
with the consideration of phytomass shows that the
greatest contribution to the accumulation of macro-
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